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THESIS ORGANIZATION 
This thesis is organized and presented in five chapters.  The first chapter contains a 
general introduction and a review of literature describing the herbicide glyphosate and 
glyphosate-tolerant crops, changes of weed populations in agricultural fields, weed seed 
banks, and a description of the genus Commelina and the weed Asiatic dayflower 
(Commelina communis L.).  The second, third, and fourth chapters are papers that will be 
submitted to peer-reviewed journals related to weed science.  Each paper is composed of an 
introduction, material and methods, results and discussion, and references cited.  The fifth 
chapter contains the general conclusions of the research.  Citations used in chapters one 
through five are included at the end of each chapter. 
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CHAPTER 1.  GENERAL INTRODUCTION 
 
Introduction 
Recently, concerns about the use of genetically-engineered crops tolerant to glyphosate 
[N-(phosphonomethyl) glycine] arose when glyphosate applied at labeled rates failed to control 
several weed species.  Asiatic dayflower (Commelina communis L.) is a weed difficult to control 
with glyphosate and has become a problem for some farmers in southern and eastern Iowa 
(Fawcett 2002; Ulloa and Owen 2009).  Moreover, this weed has adapted to agricultural systems 
using glyphosate-tolerant (GT) crops, but the biological characteristics allowing Asiatic 
dayflower to adapt in GT crop systems are unknown. 
Although there is literature describing Asiatic dayflower morphology and biological 
characteristics, none of the available information addressed Asiatic dayflower seed germination 
and seedling emergence under field conditions (Pennell 1938; Baranov 1964; Mohd Ali 1979).  
Similarly, there is no information regarding the ecological adaptation(s) of Asiatic dayflower to 
current crop systems or the specifics describing the interaction of Asiatic dayflower with 
glyphosate.  Most of the research conducted in Iowa involving Asiatic dayflower has focused on 
herbicidal efficacy (Hollinshead 1938; Fawcett 2002; Ulloa and Owen 2009).  Glyphosate, a 
widely-used herbicide in GT crop systems, does not control Asiatic dayflower.  However, 
information regarding the lack of glyphosate efficacy for Asiatic dayflower does not exist.  Thus, 
whether the lack of control with glyphosate is attributable to differential uptake, poor 
translocation or some other factor is not known. 
The research described in this thesis focused on the ecology and biology of Asiatic 
dayflower under field and artificial conditions.  Furthermore, glyphosate uptake and 
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translocation by Asiatic dayflower was studied.  Describing Asiatic dayflower tolerance 
mechanism and elucidating its opportunistic biological and ecological characteristics that confer 
an advantage in GT crop systems is important and may allow growers to adjust current 
management practices for better Asiatic dayflower management. 
Literature review 
General description of Commelina species 
Commelina are C3 monocotyledonous plants that include annual and perennial species, 
and can be found in most of the tropical, subtropical, and temperate regions of the world 
(Brashier 1966; Assmann 1992).  This genus includes highly invasive species that are also weeds 
in several crops worldwide.  Spreading dayflower (C. diffusa Burm. f.) and tropical spiderwort 
(C. benghalensis L.) are two weeds present in crops such as bananas (Musa sp.), beans 
(Phaseoulus vulgaris L.), coffee (Coffea arabica L.), peanuts (Arachis hypogaea L.), rice (Oryza 
sativa L) and sorghum (Sorghum bicolor [L.] Moench) (Smith 1984; Walker and Evenson 
1985a; Isaac et al. 2007; Webster et al. 2007; Oliveira et al. 2009). 
Additionally, in a survey conducted by Culpepper (2006), 50% of the scientists that were 
surveyed agreed that species from the genus Commelina are difficult to control in glyphosate-
tolerant (GT) crops.  Specifically, spreading dayflower, tropical spiderwort, and Asiatic 
dayflower (C. communis L.) all have been reported to be difficult to control with glyphosate in 
GT crop systems (Fawcett 2002; Santos et al. 2004; Webster et al. 2005; Culpepper 2006; Isaac 
et al. 2007; Webster et al. 2007; Ulloa and Owen 2009). 
Asiatic dayflower history and general characteristics  
Asiatic dayflower is an annual plant native to northeastern Asia and widely distributed in 
the temperate zones of the world (Brashier 1966; Faden 1993).  It is unknown when exactly this 
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plant was introduced in the United States, but it is speculated that it was introduced in the 
nineteenth century, and by the early 1900’s it was already considered a weed in gardens (Pennell 
1938). 
Asiatic dayflower growth is vigorous prior to flowering.  The stem lengthens and axillary 
branches grow upward from the lowest node (Baranov 1964).  Once Asiatic dayflower reaches 
the flowering stage, each plant may produce from 5 to 25 flower clusters each with 1 to 3 
bisexual flowers (Baranov 1964).  Asiatic dayflower self-pollinates; however, some studies 
indicate that insects contribute in the pollination process (Baranov 1964; Hardy et al. 2009). 
Asiatic dayflower produces bi-locular fruits with dimorphic seeds with each fruit bearing 
2 elliptic, or 1 elliptic and 2 semi-elliptic, or 4 semi-elliptic seeds (Hollinshead 1938; Baranov 
1964).; however, the ecological importance of dimorphic seeds for Asiatic dayflower has not 
been established.  The semi-elliptic seeds are more abundant and are truncated at one end and 
rounded at the opposite side whereas the elliptic seeds are less abundant, larger in size and 
rounded at both ends (Baranov 1964).  Hereafter, dimorphic seeds will be referred as truncated 
(Tr) and non-truncated (NTr) for the semi-elliptic and elliptic seeds, respectively.  This 
distinction is fundamental to Chapters 2 and 3 of this thesis because it is used to classify seeds 
according to their shape. 
The testa of Asiatic dayflower seeds has a rough ventral side and a smooth dorsal side.  
Also, the testa is hard, rugose and impermeable to water thus preventing seed germination 
(Baranov 1964; Mohd Ali 1979).  Germination is facilitated after Asiatic dayflower seeds have 
been scarified (Baranov 1964; Mohd Ali 1979).  Hollinshead (1938) noted that Asiatic dayflower 
seed germination occurs at “irregular intervals of time” under favorable conditions. However, 
Baranov (1964) reported that Asiatic dayflower seed germination under controlled environments 
is difficult since they are susceptible to mold. 
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Asiatic dayflower seed germination occurs when the operculum is lifted, freeing the 
growing embryo (Hollinshead 1938; Baranov 1964)  After germination, the embryo grows 
forming the seedling in approximately 10 days (Baranov 1964).  The growing seedling remains 
attached to the seed by a structure known as the apocole, allowing the movement of nutrients 
from the seed to the growing seedling (Baranov 1964).  Additionally, the apocole can extend 
until the growing seedling emerges at the soil surface thus contributing to successful emergence 
from variable soil depths.  It is important to note that the apocole is not an anatomical structure 
limited to the genus Commelina but can be found in other plant families such as Iridaceae 
(Tillich 2007).  Also, in the literature pertaining to some Commelina species, the term apocole is 
not used; some terms used to describe this structure are petiole (Hollinshead 1938), cotyledinary 
limb (McCollum 1939), alimentary duct (Baranov 1964) and taenia (Matsuo et al. 2004). 
Some noticeable cellular characteristics in Asiatic dayflower are the accumulation of 
calcium oxalate crystals (e.g. raphides) and mucilage secretion.  It was noted by Hollinshead 
(1938) that Asiatic dayflower forms raphides that vary in size and are located in stomatal cells.  
Raphides are the most common calcium oxalate crystals found in monocots; however, the role in 
plant growth and development is unknown (Prychid 1999).  Finally, Asiatic dayflower cytoplasm 
has been described to be “extremely” mucilaginous; mucilage can be found at leaf bases and 
sheaths, and can be secreted by the roots (Hollinshead 1938).  However, there is no description 
available on the function of mucilage in Asiatic dayflower, or any other Commelina species. 
Asiatic dayflower is a weed in China, the Czech Republic, Japan, and the United States, 
and can be found in onion (Allium cepa L.) fields, ornamental and Christmas tree plantations and 
railway stations (Oiyama and Shibayama 2000; Ahrens and Mervosh 2002; Kuhns and Harpster 
2002; Zhang 2003; Holec et al. 2010).  Moreover, current weed management tactics such as 
preemergence (PRE) and postemergence (POST) applications with several classes of herbicides 
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have failed to effectively control Asiatic dayflower in GT soybeans (Glycine max [L.] Merr.) and 
GT upland cotton (Gossypium hirsutum L.) (Fawcett 2002; Wiatrak et al. 2004; Ulloa and Owen 
2009). 
Glyphosate and glyphosate-tolerant crops 
The introduction of traits that confer tolerance to glyphosate [N-(phosphonomethyl) 
glycine] in GT crops in 1996 simplified weed management by allowing farmers to control a 
broad spectrum of weeds, while reducing operational cost by using only glyphosate for weed 
control (Shaner 2000; Gianessi 2005).  In 2009, 62 million hectares of genetically modified 
(GM) crops were planted in the United States, which was 43 times more the area planted in 1996 
(Brookes and Barfoot 2006; USDA-NASS 2009-2011).  Glyphosate tolerant crop cultivars 
represented the majority of GM crops planted in the United States; 91% of soybeans, 71% of 
upland cotton, and 68% of corn (Zea mays L.) hectares were planted with cultivars tolerant to 
glyphosate (USDA-NASS 2009-2011).  
Glyphosate is a POST, non-selective, systemic herbicide that is rapidly absorbed by the 
leaves and moves readily to the active meristems in plants.  Glyphosate interferes with the 
shikimic acid pathway which is important for the biosynthesis of the aromatic amino acids and 
other secondary metabolites (Bohm 1965; Feng et al. 2010).  The shikimic acid pathway is also 
important because approximately twenty percent or more of all carbon fixed by plants flows 
through this pathway (Herrmann 1995). 
Specifically, glyphosate is a competitive inhibitor of 5-enolpyruvylshikimate-3-phosphate 
(EPSP) synthase (EPSPS, EC 2.5.1.19), the penultimate step in the shikimic acid pathway 
(Herrmann 1995).  Inhibition of EPSPS blocks the conversion of shikimate-3-phosphate (S3P) 
and phosphoenolpyruvate (PEP) into EPSP and inorganic phosphate (Franz et al. 1997).  The 
inhibition of the shikimic acid pathway by glyphosate occurs on susceptible plants to this 
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herbicide resulting in the accumulation of shikimic acid, a precursor of S3P (Herrmann 1995; 
Pline et al. 2002).  Subsequently, chorismate, a precursor of phenylalanine, tyrosine and 
tryptophan biosynthesis, formation is halted (Herrmann 1995; Dill 2005). 
Two different genes coding for a glyphosate-insensitive form of EPSPS have been 
introduced in GT crops.  The gene encoding EPSPS in Agrobacterium spp. (strain CP4) confers 
the GT crop with high tolerance to glyphosate and is due to the substitution of glycine at base 
pair 100 with alanine (Delannay et al. 1995; Herrmann 1995; Padgette et al. 1995; Nida et al. 
1996; Priestman et al. 2005).  Also, the GA21 event is an alteration of the gene that encodes 
EPSPS in corn due to the substitution of threonine at base pair 102 with isoleucine and proline at 
base pair 106 with serine (Lebrun et al. 2003).  These GT EPSPS maintain their affinity for the 
substrates S3P and PEP.  However, GT EPSPS structural changes do not allow glyphosate to 
bind.  Having crops with GT EPSPS allows the farmer to apply glyphosate topically without 
injury to crops from the herbicide. 
Weed shifts in glyphosate-tolerant crops 
There is an increasing trend of glyphosate usage associated with the adoption of GT crops 
and two or more applications of glyphosate to control weeds are made in a single year 
(Woodburn 2000; Givens et al. 2009).  However, increased usage of glyphosate to control weeds 
imposes a high selection pressure and can induce changes in the composition of weed 
communities present in the agro-ecosystem.  Weed shifts in agro-ecosystems are characterized 
by susceptible weeds being eradicated by weed control practices, and low-abundant weeds 
increasing in population density due to ecological adaptations such as evolved resistance or 
natural tolerance to a herbicide (e.g. glyphosate) (Faulkner 1982; Shaner 2000; Owen and Zelaya 
2005).  The greater usage of glyphosate, combined with less reliance on alternative tactics such 
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as PRE herbicides and increasing no-till practices in GT crops has resulted in a favorable 
environment for weed shifts. 
Herbicide resistance and tolerance 
Herbicide resistance is defined as “the inherent ability that a plant has to survive and 
reproduce following the exposure to a dose of herbicide normally lethal to the wild type”, 
occurring naturally or induced by genetic engineering (WSSA 1998).  Currently, there are 
approximately 372 weed biotypes reported to be resistant to several herbicides mode of action 
(Heap 2012).  Worldwide, 21 weed species have been reported with evolved resistance to 
glyphosate, with the majority of resistant biotypes occurring in the US.  Rigid ryegrass (Lolium 
rigidum Gaudin) in Australia, goosegrass (Eleusine indica [L.] Gaertn) in Malaysia and Italian 
ryegrass (Lolium perenne ssp. multiflorum [Lam.] Husnot) in Chile are examples of weeds that 
evolved resistance to glyphosate (Lee and Ngim 2000; Perez and Kogan 2003; Powles et al. 
1998).  However, it is important to note that these weeds did not evolve resistance to glyphosate 
in GT crops.  Horseweed (Conyza canadensis [L.] Cronquist), Palmer amaranth (Amaranthus 
palmeri S. Wats.) and Johnsongrass (Sorghum halepense [L.] Pers.) are examples of weeds that 
have evolved resistance to glyphosate in GT crop systems (VanGessel 2001; Culpepper et al. 
2006; Heap 2012). 
Herbicide tolerance is defined as “the inherent ability of a species to survive and 
reproduce after herbicide treatment”, without being selected or genetically engineered (WSSA 
1998).  Some herbicide tolerance mechanisms can be attributed but not limited to plant age, leaf 
angle, late seedling emergence, and the composition of leaf epicuticular wax (Owen and Zelaya 
2005).  Weeds that have been reported to be difficult to control with glyphosate (tolerant) may 
demonstrate differential uptake (i.e. field bindweed [Convolvulus arvensis L.] and pitted 
morningglory [Ipomoea lacunosa L.]) or avoid exposure to glyphosate application due to late 
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and prolonged seedling emergence (i.e. ivyleaf morningglory [Ipomoea hederacea Jacq.] and 
shattercane [Sorghum bicolor (L.) Moench]) (DeGennaro and Weller 1984; Jordan et al. 1997; 
Norsworthy et al. 2001; Hilgenfeld et al. 2004; Scursoni et al. 2007). 
Weed seed bank and seed burial depth 
The soil weed seed bank is the primary source of weeds in the agro-ecosystem (Cavers 
1983).  The weed seed bank is composed by different weed species, and can be influenced by the 
agricultural activities (Buhler et al. 1997).  Generally, the soil seed bank is composed of short-
lived and long-lived weed seeds (Buhler et al. 1997).  Short-lived weed seeds usually germinate 
relatively soon after being shed from the plant, and their persistence depends in part on seed 
production and dispersal mechanisms (Buhler et al. 1997).  Long-lived seeds may persist for 
years, and typically only a few will germinate annually according to environmental conditions 
(Buhler et al. 1997). 
Weed seed banks are affected by tillage, crop, and environmental conditions (Buhler et 
al. 1996; Bello et al. 2000; Buhler and Hartzler 2001).  Weed seeds accumulate near the soil 
surface when no-tillage or reduced tillage is employed, or are scattered vertically in the soil to 
the depth of the tillage in conventional tillage systems (Pareja et al. 1985; Schreiber 1992; 
Mulugeta and Stoltenberg 1997b).  Weed seeds that are located near the soil surface typically 
experience environmental conditions that promote seed germination while seeds located deeper 
in the soil may experience conditions that are not favorable for germination and emergence 
(Clements et al. 1996). 
Weed seed burial depth influences germination and seedling emergence in the soil weed 
seed bank.  Typically weed seed germination and seedling emergence occurs mostly at shallower 
soil depths (e.g. 0 to 2.5 cm).  However, successful germination can occur at deeper depths (e.g. 
> 5 cm).  Seedlings of woolly cupgrass (Eriochloa villosa [Thunb.] Kunth), catchweed bedstraw 
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(Galium aparine L.), velvetleaf (Abutilon theophrasti Medik.), Jonhsongrass, and cutleaf 
geranium (Geranium dissectum L.) germinated and emerged successfully at burial depths 
ranging 10 to 15 cm (Bello et al. 2000; Benvenuti et al. 2001).  Nonetheless, the germination 
percentage of weed seeds buried deeper in the soil is generally less than that of weed seeds that 
are closer to the soil surface. 
Environmental factors such as light and temperature vary across the soil profile; in fact 
their availability depends mostly in the morphology of the soil, and they change according to the 
location in the soil profile.  In general, light exposure of weed seeds can stimulate germination 
and light penetration decreases when soil depth increases (Benvenuti 1995).  However, the 
relative response of weed seeds to light is different depending on species.  Common waterhemp 
(Amaranthus tuberculatus [Moq.] Sauer) germination was strongly influenced by light exposure 
(Leon and Owen 2003) while sicklepod (Senna obtusifolia [L.] Irwin & Barneby) seed 
germination was not regulated by light (Norsworthy and Oliveira 2006). 
Soil temperatures to which weed seeds are exposed are an important factor for weed seed 
germination.  Moreover, fluctuations of soil temperature impact weed seed germination.  In an 
experiment conducted by Thompson (1977), fluctuating temperatures between day and night 
greater than 4 C resulted in 50% germination in 22 plant species.  Also, in that study it was 
determined that temperature fluctuations occurring at 1 cm soil depth can range 4 C when the 
soil is covered by vegetation or 10 C when the vegetation was removed.  In another study, the 
fluctuation of soil temperatures was greatest near the soil surface but soil temperature fluctuation 
decreased as depth increased (Alm et al. 1993). 
Asiatic dayflower is a weed present in Iowa that is difficult to control in GT crop 
systems.  A few studies addressed weed management strategies involving PRE and POST 
herbicides to control Asiatic dayflower (Fawcett 2002; Ulloa and Owen 2009).  However, there 
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is an information gap regarding the tolerance mechanism of this weed to glyphosate.  
Additionally, there are few studies investigating Asiatic dayflower biology and ecology and none 
have been conducted in Iowa.  There is a need for better understanding of Asiatic dayflower seed 
germination and seedling emergence.  Describing Asiatic dayflower tolerance mechanism(s) to 
glyphosate and the ecological and biological adaptations that allowed this weed to succeed in GT 
crop systems will generate information that could be applied to develop more effective weed 
management in current crop production systems. 
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CHAPTER 2.  DEPTH AND TIME OF ASIATIC DAYFLOWER 
(COMMELINA COMMUNIS L.) SEEDLING EMERGENCE UNDER TWO 
AGRONOMIC SYSTEMS IN IOWA 
José M. Gómez and Micheal D.K. Owen 
Abstract 
Asiatic dayflower is a difficult weed to control with glyphosate, and has become a 
problem in glyphosate-tolerant soybean and corn for some Iowa farmers.  Asiatic dayflower 
produces aerial dimorphic seeds were one type can be described as truncated at one end and the 
other type described as being concave (i.e. non-truncated).  Research investigating the biological 
and ecological characteristics that allowed Asiatic dayflower to adapt to Iowa crop systems is 
lacking.  In this study Asiatic dayflower emergence patterns and seedling emergence depths was 
investigated in two agronomic environments.  In addition, seedling emergence depth was 
characterized by seed type in 2009 and 2010 to determine if dimorphic seeds represent an 
ecological advantage for Asiatic dayflower in different environments.  Experiments were 
conducted in fields located near Osceola and Vinton, IA during 2008, 2009 and 2010.  At 
Osceola, two study fields had Asiatic dayflower population densities that ranged from 14 to 80 
plants m-2 whereas at the Vinton field population densities ranged from 19 to 47 plants m-2.  
Asiatic dayflower time of emergence varied by location and by year; emergence began early in 
May at Osceola and Vinton and continued until late July and early August at Osceola and Vinton 
fields, respectively.  The number of Asiatic dayflower plants from truncated seeds exceeded 
those that emerged from non-truncated seeds.  However, no differences were detected between 
seed types when seedling median depth of emergence was compared.  Median depth of 
emergence ranged from 0.4 to 0.8 cm at the Osceola fields, and 2.2 to 2.4 cm at the Vinton field. 
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Introduction 
Commelina L. is the genus with the most species in the Commelinaceae, and is composed 
mostly of tropical and a few temperate species (Baranov 1964; Faden 2000; Faden 2008).  Some 
Commelina species are highly invasive and are considered important weeds in agricultural fields.  
Benghal dayflower (C. benghalensis L.) and spreading dayflower (C. diffusa Brum. f.) are  
considered weeds in 28 and 26 countries, respectively (Holm et al. 1977).  Also, tolerance to 
numerous herbicide classes is a characteristic shared by Commelina species (Wilson 1981; Isaac 
and Brathwaite 2007).  For example, Benghal dayflower is a difficult weed to control with the 
herbicides commonly used in crop production systems in the southeastern United States and 
Brazil (Pereira and Carmona 2000; Webster and Sosnoskie 2010).  Additionally, Asiatic 
dayflower (C. communis L.) is gaining importance in fields planted with glyphosate-tolerant 
(GT) crops in Iowa. 
Asiatic dayflower is an annual plant native to northeastern Asia, and is widely distributed 
in the temperate zones of the world (Pennell 1938; Baranov 1964).  Asiatic dayflower is a weed 
in onion (Allium cepa L.) fields in Japan (Oiyama and Shibayama 2000) and soybean (Glycine 
max L.) fields and Christmas tree plantations in the midwest and eastern United States, 
respectively (Ahrens and Mervosh 2002; Fawcett 2002; Kuhns and Harpster 2002).  
Furthermore, Asiatic dayflower is  a weed problem in soybean fields in northeastern China 
(Zhang 2003) and railway station rights-of-way in the Czech Republic (Holec et al. 2010).  In the 
Czech Republic and the United States, glyphosate [N-(phosphonomethyl) glycine] is the 
principal herbicide used to control weeds in these situations.  
In the United States, producers benefit from GT crops because conservation tillage 
practices are implemented and supported, fewer herbicides are used to control weeds, and a 
broad spectrum of weeds can be controlled by using only glyphosate (Gianessi 2005).  However, 
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the greater usage of glyphosate associated with GT crops resulted in an agronomic environment 
suitable for Asiatic dayflower to flourish, in part because other weeds that compete with Asiatic 
dayflower are effectively controlled. 
Asiatic dayflower produces bi-locular fruits with dimorphic seeds; each fruit has 2 
elliptic, or 1 elliptic and 2 semi-elliptic, or 4 semi-elliptic seeds (Hollinshead 1938; Baranov 
1964).  In the literature, dimorphic seeds for Commelina spp. have been referred to as large and 
small seeds for the elliptic and semi-elliptic seeds, respectively (Walker and Evenson 1985a; 
Walker and Evenson 1985b; Imbert 2002; Matsuo et al. 2004).  Asiatic dayflower semi-elliptic 
seeds are plano-convex and truncated  at one end, whereas elliptic seeds are plano-convex but 
not truncated at any end (Hollinshead 1938; Baranov 1964).  While it is important to note that 
the seeds can vary in size, using the terms large and small to differentiate dimorphic seeds would 
not be accurate since both morphs may have the same size, but not the same shape; hereafter, 
Asiatic dayflower seeds will be referred to truncated (Tr) and non-truncated (NTr)  for semi-
elliptic and elliptic seed types, respectively.  Dimorphic seeds are suggested to be an ecological 
adaptation to environmental variability (e.g. salinity, soil temperature and soil moisture levels), 
providing plants with a better chance of survival (Khan et al. 2001; Carter and Ungar 2003; 
Nurse et al. 2008).  However, the importance of such adaptation in Asiatic dayflower has not 
been established. 
Weed seeds can be found at variable soil depths and weed seed location in soil depends 
on how they were incorporated into the soil (Bello et al. 2000; Chachalis and Reddy 2000; 
Benvenuti et al. 2001).  Tillage practices employed in crop production systems contribute to the 
vertical movement of weed seeds in the soil.  Also, tillage can alter soil properties such as 
aggregate size, porosity, water and oxygen availability thus impacting weed seed germination 
and seedling emergence (Pareja and Staniforth 1985; Pareja et al. 1985; Vanasse and Leroux 
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2000).  Resources such as water, oxygen and light are generally more abundant and available to 
seeds near the soil surface; in contrast, these resources may become scarce when seeds are buried 
deeper in the ground. 
Past research has not focused on the biological factors that contributed to Asiatic 
dayflower adaptation to current GT crop production systems.  Therefore, the objectives of this 
study were to determine Asiatic dayflower emergence patterns and seedling emergence depths as 
affected by soil disturbance and to determine if seed dimorphism represents an ecological 
advantage for Asiatic dayflower growing in different agronomic environments. 
Material and methods 
Location and experiment description.  Field studies were conducted from 2008 to 2010 
in grower fields located near Vinton and Osceola, IA which were planted to conventional and GT 
corn (Zea mays L.) and GT soybean (Table 1).  At Vinton, there was only one field study 
location (VIN), whereas at Osceola there were two field study locations.  The locations at 
Osceola were referenced according to the streets used to access each field; hereafter, OES will 
refer to the Elk Street study location, and OGS will refer to Garden Street study location (Table 
1).  Generally, the OES and OGS were no-till fields with the exception of OES in 2008 when the 
field was tilled.  OES was planted with GT corn and GT soybeans in 2008 and 2009, respectively 
(Table 1).  OGS was planted with GT soybeans and GT corn in 2009 and 2010, respectively 
(Table 1).  OGS was not planted in 2008 due to environmental conditions.  Tillage was used at 
VIN and consisted of a tandem disk harrow before planting and row cultivation after crop 
emergence.  VIN was planted with conventional and GT corn in 2008 and 2010, respectively, 
and with GT soybeans in 2009 (Table 1).  At OGS, experiments were established on a poorly-
drained Arispe-Grundy (fine, smectitic, mesic, Aquertic Argiudolls) silty clay loam soil.  At OES 
plots were established on a poorly-drained Clarinda (fine, smectitic, mesic, Vertic Argiaquolls) 
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silty clay loam soil, and at VIN, experiments were established on a well-drained Dinsdale (fine-
silty, mixed, mesic, Typic Argiudolls) silty clay loam soil. 
Every year at each field study, each plot was selected arbitrarily prior the establishment 
of each experiment.  At each field study, ten plots were established during 2008, whereas in 2009 
and 2010, 12 plots were established at each study field.  Plot size was 8 m long and 8 m wide at 
all field studies, except for OES during 2009.  Plots established at OES during 2009 were 9 m 
long and 8 m wide in size.  Additionally, plots where established in arbitrarily selected areas 
within fields each year to accommodate the Asiatic dayflower distribution in the field.  Also, the 
number of plots was increased in 2009 and 2010 because in 2008 there were plots with few 
Asiatic dayflower seedlings to sample. 
Data collection and statistical analysis.  Asiatic dayflower seedlings were sampled from 
experiments established during 2008, 2009 and 2010.  Ten Asiatic dayflower seedlings with 2 to 
3 fully-expanded leaves were arbitrarily selected in each plot, carefully excavated, and the soil 
surrounding the seedling was gently washed from roots.  Subsequently, the depth at which the 
seed was located relative to the soil surface was measured.  In 2009 and 2010, each seedling was 
categorized according to the seed type from which it originated, either truncated (Tr) or non-
truncated (NTr).  The rationale for this categorization was because Asiatic dayflower fruits have 
dimorphic seeds (Hollinshead 1938; Baranov 1964) which are differentiated by the seed shape. 
For all field studies, depth of emergence sampling dates were planned to occur every 
three weeks after planting, but due to environmental events (e.g. rain) some sampling dates were 
not feasible.  Asiatic dayflower seedling emergence depth sampling events at VIN were 4, 7 and 
5 during 2008, 2009 and 2010, respectively.  There were 1, 6 and 4 depths of emergence 
sampling events at OGS during 2008, 2009 and 2010, respectively and at OES, 3 in 2008 and 5 
in 2009; in 2010 no field experiment was established at this location. 
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Wooden quadrats were established in each plot in order to determine Asiatic dayflower 
seedling time of emergence.  Quadrats were 30 cm in width and length, and were fixed in each 
plot.  At each sampling date, emerged plants in the quadrat were counted and subsequently 
removed.  Asiatic dayflower time of seedling emergence was.  Except for OES during 2010, all 
field studies were sampled at three week sampling intervals.  OES was not sampled during 2010 
because no field experiment was established at this location.  During 2008, Asiatic dayflower 
emergence was recorded from mid-June until early August, while in 2009 and 2010 seedling 
emergence was recorded from mid-May until early August. 
Data was analyzed using SAS1.  The UNIVARIATE procedure was used to determine if 
seedling depth of emergence followed a normal distribution.  However, all Asiatic dayflower 
seedling emergence data demonstrated a non-normal distribution; hence data was analyzed using 
the NPAR1WAY procedure using the Kruskal-Wallis nonparametric statistic test to make 
comparisons (Kruskal and Wallis 1952).  Asiatic dayflower seedling median emergence depth 
for Tr and NTr seeds was compared using the Wilcoxon two sample test (Wilcoxon 1945).  
Finally, seed type ratio percentages were evaluated using the Cochran-Mantel-Haenszel test 
(Cochran 1954). 
Results and discussion 
In 2008, Asiatic dayflower seedling emergence began in mid-June and continued until 
early August (Figure 1) while in 2009 and 2010, emergence began in mid-May and continued to 
mid-July with no subsequent seedling emergence in August (Figures 2 and 3).  During 2008, 
Asiatic dayflower mean seedling emergence within plots ranged from 28 to 73 plants m-2 at OES 
and 13 to 27 plants m-2 at VIN (Figure 1).  During 2009, mean seedling emergence within plots 
ranged from 0 to 28 plants m-2 at OES, 1 to 259 plants m-2 at OGS and 6 to 53 plants m-2 at VIN 
                                                 
1
 SAS Institute Inc., 2000, Cary, NC 25711-8000.  
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(Figure 2).  Finally, Asiatic dayflower seedling emergence during 2010, ranged from 4 to 206 
plants m-2 at OSG and 28 to 70 plants m-2 at VIN (Figure 3). 
Asiatic dayflower median plant population densities differed by location (χ² = 8.4068, d.f. 
= 2, p-value=0.0149) and by year (Table 2).  The different Asiatic dayflower population densities 
were likely a result of the field studies established in fields with different tillage and crop 
management systems but also in fields with different soil characteristics.  Field studies at OES 
and OGS were established in poorly-drained soils; whereas at VIN, field studies were established 
in a well-drained soil.  Variable Asiatic dayflower plant population densities at each location can 
be attributed, but not limited, to soil characteristics, rain patterns, tillage regime.  Another 
consideration is the relative historic effectiveness of weed management; removing other weeds in 
the local field community will provide other plants (i.e. Asiatic dayflower) an opportunity to 
increase in population density.  However, this variation is not fully understood and there may be 
other factors affecting yearly plant population densities. 
Asiatic dayflower median seedling emergence depth differed between locations (χ²=766, 
d.f.=2, p-value<0.0001).  Asiatic dayflower seedling emergence depth variation across locations 
can be primarily attributed, but not limited, to the tillage practices.  Asiatic dayflower seedling 
emergence decreased with increasing soil depth, and most Asiatic dayflower seedlings emerged 
from shallow soil depths (e.g. 0 to 3 cm) at OES and OGS (Figure 4a and 4b).  However, at VIN 
Asiatic dayflower seedlings emerged from deeper soil depths (Figure 4c). 
Asiatic dayflower seedling emergence depth at OES ranged from 0 to 7 and 0 to 4 cm in 
2008 and 2009, respectively (Figure 4a).  Asiatic dayflower median seedling emergence depth 
was 1.8 and 0.6 cm for 2008 and 2009, respectively, and was significantly different between 
years (χ² = 228.938, d.f. = 1, p-value= 0.001).  Mechanical cultivation was used in 2008 in order 
to control Asiatic dayflower; thus likely contributing to the distribution of seeds at different soil 
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depths.  At OGS, Asiatic dayflower seedling emergence depth ranged from 0 to 3, 0 to 5, and 0 
to 4 cm in 2008, 2009, and 2010, respectively (Figure 4b).  Asiatic dayflower seedling median 
emergence depth at OGS was significantly different between years (χ² = 29, d.f. = 2, p-value= 
0.001).  During 2008 and 2009, seedling median emergence depth was 0.5 cm, and no statistical 
differences were detected between these two years; whereas in 2010 seedling median emergence 
depth was 0.8 cm, and this year was statistically different from 2008 and 2009.  Similarly to 
OGS, seedling median emergence depth at OES did not exceed 1 cm depth during 2009.  This 
can be attributed to the no-tillage regime employed in this field.  Asiatic dayflower seedling 
emergence occurred predominantly at soil depths ranging from 0 to 2.9 cm accounting for 98, 94 
and 94% during 2008, 2009 and 2010, respectively (Figure 4a). 
At VIN, Asiatic dayflower seedling emergence occurred at soil depths ranging from 0 to 
9, 0 to 10, and 0 to 8 cm during 2008, 2009 and 2010, respectively (Figure 4c).  Asiatic 
dayflower seedling median emergence depth at VIN was 2, 2.2 and 2.2 cm for 2008, 2009 and 
2010, respectively and was significantly different between years (χ² = 8, d.f. = 2, p-value=0.02).  
In contrast to OGS and OES, seedling median emergence depth at VIN was equal or greater to 2 
cm all years.  This can be attributed to the tillage regime, since tilling the soil contributes to the 
distribution of weed seeds throughout soil depths (Pareja et al. 1985).  Asiatic dayflower 
seedlings that emerged from 0 to 2.9 cm represented 74, 65 and 67% of the population during 
2008, 2009 and 2010, respectively. 
Depth of Asiatic dayflower seedling emergence from Tr and NTr seeds was compared by 
year within location, and there were no significant differences between seed types (Table 3).  
During 2009, median emergence depth was 0.4 cm, 0.6 cm and 2.2 cm for Tr seeds, and 0.5 cm, 
0.7 cm and 2.4 cm for NTr seeds at OGS, OES and VIN (Table 3), respectively.  In 2010, the 
median emergence depth for both NTr and Tr seeds was 0.8 cm at OGS and 2.2 cm at VIN 
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(Table 3).  Additionally, the number of seedlings from Tr seeds exceeded those from NTr seeds 
(Table 3); this relationship was constant across locations, across dates and across years.  The lack 
of emergence depth differences among seedlings that emerged from NTr and Tr seeds was not 
expected.  Because seed dimorphism is presumed to be an ecological adaptation that typically 
provides an advantage to the seed for some environmental factor(s), it was expected that seedling 
emergence characteristics for one seed type or the other would be favored by a particular 
environment such as burial depth. 
Research investigating the influence of dimorphic seeds on seedling emergence 
characteristics demonstrated that Benghal dayflower seedling emergence decreases as soil depth 
increases, and that emergence percentage of seedlings from non-truncated aerial seeds was 
greater than seedlings from truncated aerial seeds (Walker and Evenson 1985a; Walker and 
Evenson 1985b; Matsuo et al. 2004; Sabila 2008).  Also, Benghal dayflower viability and seed 
germination of underground seeds have been found to be greater than that of aerial seeds, but no 
differences were encountered between the seed types (Kim 1988; Sabila 2008).  Benghal 
dayflower dimorphic seeds are produced in aerial and underground -amphicarpic- fruits (Faden 
2000; Imbert 2002; Webster et al. 2005).  In contrast, Asiatic dayflower seeds are produced in 
aerial fruits only (Hollinshead 1938; Baranov 1964).  Even though both plants produce 
heteromorphic seeds, the ecological advantage that the aerial seeds may provide is not fully 
understood.  Moreover, most of the recent studies involving these two species have been 
conducted in geographical locations that are not their natural environment, since both Benghal 
and Asiatic dayflower originated in Asia (Faden 2000).  It is possible that the variation of seed 
types in both species originated as an adaptation to fluctuating environments in their natural 
habitat; thus, allowing them to successfully adapt (or expand their niche) to a broad range of 
environmental factors and geographic locations (Imbert 2002; Gurevitch et al. 2006).  The 
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ecological advantage for plants having heteromorphic seeds has been discussed extensively 
(Khan et al. 2001; Imbert 2002; Carter and Ungar 2003; Dyer 2004; Nurse et al. 2008; Wang et 
al. 2008; Yao et al. 2010).  Weeds producing heteromorphic seeds can avoid extreme 
environments (i.e. salinity, drought periods) as well as exposure to herbicide applications  by 
extending their emergence period in the field, attributable, but not limited, to differences in 
dormancy levels (Nurse et al. 2008). 
Additionally, both seed types have a morphological structure that facilitates seedling 
emergence.  This structure is known as the apocole, and connects the seed with the developing 
seedling and allows the seed to nourish the growing seedling (Hollinshead 1938; Baranov 1964).  
Although the apocole is not a unique morphological feature to this genus, it likely contributed to 
the successful emergence of seedlings since it can extend from where the seed is buried in the 
soil until it reaches the soil surface (Figure 5) (Tillich 2007). 
Asiatic dayflower germination and emergence can continue until early-August.  
Additionally, in a study using artificial seed banks to assess Asiatic dayflower seedling 
emergence it was demonstrated that Asiatic dayflower starts to emerge mid-April and early May 
until mid-July (Gómez and Owen, unpublished data).  Having an extended emergence pattern is 
a characteristic that helps weeds to succeed in agricultural fields (Mulugeta and Stoltenberg 
1997b).  Common waterhemp (Amaranthus rudis Sauer) and woolly cupgrass (Eriochloa 
villosa (Thunb.) Kunth) have a prolonged period of seedling emergence, but the former has a 
delayed emergence pattern whereas the latter is opportunistic (Hartzler et al. 1999).  Asiatic 
dayflower ecological characteristics such as opportunistic emergence timing allow it to adapt 
effectively to crop management systems.  Additionally, Asiatic dayflower has natural tolerance 
to glyphosate thus allowing it to thrive in agronomic systems relying heavily on this herbicide 
(e.g. GT-crop systems) (Fawcett 2002; Ulloa and Owen 2009, Gómez and Owen unpublished 
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data).  Also, the number of seedlings from Tr seeds that emerged in the field was almost four 
times the number of seedlings from NTr seeds across all locations at all sampling dates (Table 
3).  Similarly, Benghal dayflower proportion of Tr seeds range from 73 to 79% of total seeds 
produced (Sabila 2008).  Having seeds with different sizes (i.e. dimorphic seeds) potentially 
contributes to the prolonged emergence timing observed in the field, presuming that dormancy 
levels are different between the dimorphic seeds.  Additionally, Asiatic dayflower NTr seeds 
may remain viable for a longer period of time, assuming that they have more storage material 
(Imbert 2002).  Dormancy levels are different for common lambsquarters (Chenopodium album 
L.) dimorphic seeds (Yao et al. 2010).  Common lambsquarters produces large (brown) non-
dormant seeds and small (black) dormant seeds.  Additionally, dimorphic seeds in common 
lambsquarters are attributed to an adaptation to saline environments (Yao et al. 2010).  However, 
dormancy characteristics have not been studied for Asiatic dayflower dimorphic seeds, and there 
are no studies that relate seed dimorphism with environmental adaptation. 
Asiatic dayflower is a difficult weed to control in many crops, including those that are 
tolerant to glyphosate.  The present study showed that Asiatic dayflower has a lengthy period of 
emergence, contributing to the successful establishment of this weed in Iowa.  Additionally, from 
the field studies established in different environments, it was possible to determine Asiatic 
dayflower seedling emergence depth according to management system.    
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Tables and figures 
Table 1.  Crop, GPSa coordinates and soil series for three Iowa locations included in Asiatic 
dayflower field studies during 2008 to 2010. 
Location GPS Coordinates 
Crop 
Soil series 2008 2009 2010 
OGS 40.97°N, 93.83°W NC Corn Corn Grundy-Arispe 
OES 40.97°N, 93.79°W Corn Soybeans NC Clarinda 
VIN 42.15°N, 92.06°W Corn Soybeans Corn Dinsdale 
a Abbreviations: GPS, global positioning system; OGS, Osceola Garden Street; OES, Osceola 
Elk Street; VIN, Vinton; NC, no crop. 
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Table 2.  Asiatic dayflower yearly mean population densities at three 
Iowa locations in 2008, 2009 and 2010. 
Location 2008 2009 2010 
 
 plants m-2  
  
OGSa NA 39 ± 14b 80 ± 28 
OES 43 ± 9 14 ± 3 NA 
VIN 19 ± 3 24 ± 4 47 ± 6 
a
 Abbreviations: OGS, Osceola Garden Street; OES, Osceola Elk 
Street; VIN, Vinton; NA, not available. 
b
 Data represents the mean ± SE. 
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Table 3.  Asiatic dayflower truncated and non-truncated seed ratio and seedling median depth 
of emergence by seed type from three Iowa locations in 2009 and 2010. 
Location Year Tr:NTr seed ratioa 
Emergence depth 
P-value Tr seed NTr seed 
 
 
  
cm 
 
   
OGS 2009 4:1b 0.4c  0.5  0.4218d 
2010 3:1 0.8  0.8  0.6382 
OES 2009 4:1 0.6  0.7  0.7059 
VIN 2009 4:1 2.2  2.4  0.2109 
2010 2:1 2.2  2.2 0.7477 
a Abbreviations: Tr, truncated; NTr, non-truncated; OGS, Osceola Garden Street; OES, Osceola 
Elk Street; VIN, Vinton.. 
b
 Seed ratios were estimated by dividing the total of emerged seedlings from truncated seeds by 
the total of emerged seedlings from non-truncated seeds. 
c Median depth of emergence.  Values for 2009 represents 500, 546 and 656 Asiatic dayflower 
seedlings sampled at Osceola Garden Street, Osceola Elk Street and Vinton, respectively.  
Values for 2010 represents 413 and 471 Asiatic dayflower seedlings sampled at Osceola 
Garden Street and Vinton, respectively. 
d Row values were estimated to detect differences between seedling emergence depth 
according to seed type.  P-values lower than 0.05 indicate that there are statistical differences 
between the seed types. 
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Figure 1.  Asiatic dayflower population densities and emergence dates at two Iowa locations 
during 2008.  In this figure OES and VIN refers to Osceola Elk Street and Vinton, respectively.  
Values are means, and bars represent standard error of means. 
  
37 
 
  
 
Figure 2.  Asiatic dayflower population densities and emergence dates at three Iowa locations 
during 2009.  In this figure OGS, OES and VIN refers to Osceola Garden Street, Osceola Elk 
Street and Vinton, respectively.  Values are means, and bars represent standard error of 
means. 
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Figure 3.  Asiatic dayflower population densities and emergence dates at two Iowa locations 
during 2010.  In this figure OGS and VIN refers to Osceola Garden Street, Osceola Elk Street 
and Vinton, respectively.  Values are means, and bars represent standard error of means. 
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Figure 4.  Asiatic dayflower seedling emergence stratified by soil depth from three Iowa locations 
during 2008, 2009 and 2010.  In this figure OGS, OES and VIN refers to Osceola Garden Street, 
Osceola Elk Street and Vinton, respectively.  Bars represent Asiatic dayflower emergence 
percentage per depth range.  Ten plots were sampled at each location during 2008, and 12 plots at 
each location during 2009 and 2010.  a) OES, n= 300 and 546 Asiatic dayflower plants in 2008 and 
2009, respectively; b) OGS, n= 100, 500 and 413 Asiatic dayflower plants in 2008, 2009, and 2010, 
respectively; c) VIN, n= 298, 656 and 471 Asiatic dayflower plants respectively for 2008, 2009 and 
2010.  
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 a b 
Figure 5.  Asiatic dayflower seedlings.  a) Emerged Asiatic dayflower seedling from a non-truncated 
seed germinated in the lab; b) Asiatic dayflower seedling emerged from a truncated seed with two 
fully expanded leaves collected from the field.  The red arrows indicate the position of the apocole. 
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CHAPTER 3.  ASIATIC DAYFLOWER (COMMELINA COMMUNIS L.) 
SEEDLING EMERGENCE IN ARTIFICIAL SEED BANKS 
José M. Gómez and Micheal D.K. Owen 
Abstract 
Asiatic dayflower is an annual plant that is widely distributed in the temperate zones of 
the world and has become a problem weed for some Iowa farmers in recent years.  Also, this 
weed produces aerial dimorphic seeds, a common feature in other weeds belonging to the 
Commelinaceae.  Previous research investigating Asiatic dayflower has not addressed the 
ecological and biological characteristics that have contributed to the adaptation of Asiatic 
dayflower to Iowa crop systems.  The objective of this research was to study Asiatic dayflower 
emergence patterns using artificial seed banks.  Artificial seed banks provided edaphic 
conditions that were similar to those found in agricultural fields but with known seed bank 
characteristics.  Asiatic dayflower seeds were collected from natural infestations in fields near 
Osceola and Vinton, IA and seed collections were separated according to dimorphic seed type 
(i.e. truncated and non-truncated).  Two artificial seed bank experiments were established at the 
Agronomy Farm and Curtiss Farm near Ames, IA during the fall 2009 and repeated fall 2010.  
Artificial seed banks consisted of PVC pipes buried in the ground, subsequently filled with soil 
mixed with a known quantity of Asiatic dayflower seeds; treatments consisted of seed origin and 
dimorphic type.  After emergence, seedlings were counted and removed.  During 2010, Asiatic 
dayflower seedlings started to emerge in early-May and emergence continued until mid-July at 
the Agronomy Farm, and from mid-April until mid-June at the Curtiss Farm.  During 2011, 
seedling emergence started in April and continued until early-July and late-June at the 
Agronomy Farm and Curtiss Farm, respectively.  Not all seeds in the artificial seed banks 
germinated.  At both locations and in both years, total emerged seedlings from Osceola and 
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Vinton truncated seeds planted in the artificial seed bank ranged from 35 to 65% and from 44 to 
65%, respectively.  However the total emerged seedlings from Osceola and Vinton non-truncated 
seeds ranged from 27 to 80% and 39 to 62%, respectively.  Asiatic dayflower seedling 
emergence in artificial seed banks was likely affected by environmental conditions each year and 
the seed lot age used in the experiment. 
Introduction 
The decisions to use weed management tactics such as herbicides and tillage depend, in 
part on the timing and magnitude of weed seedling emergence in agricultural fields.  Weed 
seedling emergence from the soil seed bank is primarily affected by tillage regime, crop rotation, 
and environmental factors such a temperature, soil moisture and precipitation (Buhler et al. 1996; 
Bello et al. 2000; Buhler and Hartzler 2001).  In no-tillage and reduced tillage systems, most of 
the weed seeds remain in the upper soil layers, whereas in conventional tillage systems, weed 
seeds are distributed throughout the soil profile to the depth of the tillage (Pareja et al. 1985; 
Schreiber 1992; Mulugeta and Stoltenberg 1997b).  Weed seeds in the upper soil layers are 
closer to temperatures and moisture levels that are favorable for germination but mortality can be 
higher due to increased seed predation (Cromar et al. 1999).  However, when weed seeds are 
buried deep in the soil, the probability of germination decreases but seeds can remain viable for 
many years (Clements et al. 1996).  Tillage contributes to the movement of seeds buried deep in 
the soil to shallower soil depths where environmental conditions favor germination. 
Weed seedling magnitude and time of emergence have been described for common 
groundsel (Senecio vulgaris L.), common lambsquarters (Chenopodium album L.) common 
waterhemp (Amaranthus rudis Sauer), giant foxtail (Setaria faberi R.A.W. Herrm.), velvetleaf 
(Abutilon theophrasti Medik.) and woolly cupgrass (Eriochloa villosa [Thunb.] Kunth) (Hartzler 
et al. 1999; Buhler and Hartzler 2001; Leon and Owen 2004; Figueroa et al. 2007).  These 
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studies employed different approaches for artificial seed banks such as newly-established weed 
seed banks (Figueroa et al. 2007), wooden quadrats (Hartzler et al. 1999; Buhler et al. 2001) and 
PVC cylinders (Leon and Owen 2004; Spokas et al. 2006) to replicate conditions encountered by 
natural seed banks.  One advantage of using artificial seed banks is that the amount of seeds in 
the seed bank is known.  Consequently, weed emergence magnitude and timing can be related to 
environmental conditions that occur in the artificial seed bank.  Furthermore, an artificial seed 
bank allows a determination of the fate of weed seeds that failed to germinate.  In contrast, the 
unknown number of weed seeds from different year/cohorts that compose a natural seed bank, 
combined with yearly variation of environmental conditions, results in an inability to assess how 
seed germination for specific year/cohorts occurred (Buhler and Hartzler 2001). 
Asiatic dayflower (Commelina communis L.) became a problem weed for some Iowa 
farmers in recent years.  The adoption of glyphosate-tolerant (GT) crops combined with reliance 
on glyphosate [N-(phosphonomethyl) glycine] as the principal herbicide for weed control has 
contributed to the success of Asiatic dayflower in agricultural fields.  Two characteristics that 
contribute to the successful adaptation of Asiatic dayflower to GT crop systems are tolerance to 
glyphosate and an extended emergence period (Fawcett 2002).  Field and laboratory research 
demonstrated that glyphosate does not control Asiatic dayflower (Fawcett 2002; Ulloa and Owen 
2009).  However, research focused on the ecological and biological aspects of Asiatic dayflower 
that contributed to the adaptation of this weed in GT crop systems is meager.  The objective of 
this research was to study Asiatic dayflower emergence patterns under conditions that are similar 
to those found in agricultural fields by using an artificial seed bank.  Understanding of Asiatic 
dayflower seedling emergence and how emergence is affected by environmental factors will 
generate information that could be applied to develop more effective weed control practices. 
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Material and methods 
Seed collection, processing and storage.  Asiatic dayflower seeds were collected from 
fields in a corn-soybean rotation near Vinton (VIN; 42°N, 92°W) and Osceola (OSC; 41°N, 
94°W), IA.  Seeds were hand-harvested at VIN during fall 2007, 2008 and 2009, and at OSC 
during fall 2008 and 2009.  Collected seeds were dried for 72 H at 30 C and cleaned with a 
vertical air column seed cleaner1.  After the seeds were cleaned, seeds were sorted into non-
truncated (NTr) and truncated (Tr) seed types.  Asiatic dayflower produces dimorphic seeds 
(Hollinshead 1938; Baranov 1964).  Sorted and cleaned seeds from all years and locations were 
stored separately at 5 C until they were used.  Additionally, the viability of Asiatic dayflower 
seeds was tested using tetrazolium (TZ) tests (Grabe 1970).  There were no differences in the 
viability of seeds collected each year from VIN and OSC. 
Asiatic dayflower artificial seed bank establishment.  Experiments were conducted at 
the Curtiss and Agronomy Farms, near Ames, IA.  The distance between locations was 9 km and 
allowed artificial seed bank replications in different environments in the same year. The 
locations were selected based on the absence of Asiatic dayflower in these fields.  The soil type 
at Agronomy Farm was Nicollet loam (fine-loamy, mesic, with mixed minearology, Aquic 
Hapludolls), and at Curtiss Farm it was a Clarion loam (fine-loamy, mesic, with mixed 
minearology, Typic Hapludolls).  All fields were in a corn-soybean rotation prior to the 
establishment of the artificial seed banks.  During 2008, artificial seed banks at both locations 
were established on November 27 whereas in 2009 they were established on November 26.  At 
the Curtiss Farm in 2008 and 2009, the artificial seed banks were established adjacent to each 
                                                 
1
 Seedburo Equipment Company, Chicago, IL 
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other in the same field while at the Agronomy Farm artificial seed banks were established in 
different fields in 2008 and 2009. 
At each location and year, 24 PVC cylinders were buried in the ground.  Cylinder 
dimensions were 30 cm in height by 30 cm in diameter.  Prior to cylinder burial, a towable 
hydraulic auger and a 30.5 cm diameter auger bit were used to dig holes to a depth of 25 cm.  
After the 24 holes were completed, each cylinder was buried to a depth of 20 cm; the soil that 
was removed from each hole was used to fill each PVC cylinder.  A nylon mesh bag was buried 
in each cylinder at a depth of 7 cm, and the top 5 cm of soil from each cylinder was then 
removed and placed in a bucket.  Asiatic dayflower seeds from Vinton and Osceola, separated 
according to seed type, were sown by mixing carefully the soil from the top 5 cm of each 
cylinder in the bucket with the seeds.  The soil and seed mixture was returned to each cylinder, 
and subsequently gently hand-compacted.  In 2008, seeding rates were 200 Tr seeds for OSC and 
VIN seeds and 90 and 60 OSC and VIN NTr seeds, respectively, and in 2009, these rates were 
400 Tr seeds for OSC and VIN and 200 NTr seeds (Table 1).  The nylon mesh bag allowed non-
germinated seeds to be recovered by elutriation.  Recovered seeds were tested for viability using 
a germination test conducted in a growth chamber set at 12:12 photoperiod and a temperature of 
30C/20C (day/night).  Subsequently, seeds that did not germinate were tested using a TZ test.  
These procedures were the same for the two locations both years. 
Asiatic dayflower seedling emergence was determined by counting and removing 
emerged seedlings at least every 2 d for the first 30 d; afterwards counting occurred every 3 d 
until the end of the experiment (i.e. when seedlings ceased to emerge).  Emerged seedlings were 
counted and removed when they had two-fully expanded leaves and the seed type was identified.  
The period of time when Asiatic dayflower seeds were buried and the month when seedlings 
began to emerge (e.g. April) was 124 and 154 days at Curtiss and the Agronomy Farm, 
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respectively during 2009.  In 2009, Asiatic dayflower seedling emergence began on April 24 and 
May 2 at the Agronomy and Curtiss Farm, respectively, and the last seedling emergence was 
observed on June 20 at the Curtiss Farm and July 19 at the Agronomy Farm.  Asiatic dayflower 
seeds were buried for 125 days prior to when seedlings began to emerge at both Curtiss and the 
Agronomy Farm during 2010.  In 2010, Asiatic dayflower emergence started on April 19 at both 
locations and the last seedling emergence was observed on June 30 at the Curtiss Farm and July 
3 at the Agronomy Farm. 
A CR-23x datalogger2 and a CR-10x datalogger3 were installed at the Curtiss and 
Agronomy Farms, respectively, to monitor environmental conditions in the artificial seed bank.  
Additionally, undisturbed soil adjacent to the cylinders was used to monitor environmental 
conditions that are presumed to be typical of natural seed banks.  Soil temperature and soil water 
potential were monitored using thermocouple and heat dissipation4 sensors, respectively.  
Additionally, in-situ air temperature and in-situ daily precipitation were recorded at Curtiss Farm 
using a thermistor probe5 and a tipping-bucket rain gauge6, respectively.  However at the 
Agronomy Farm, air temperature and precipitation data were obtained from a weather station 
located near the artificial seed banks.  The artificial seed banks at the Agronomy Farm were 
located east and west of the weather station during 2009 and 2010, respectively; the distance 
between the artificial seed bank in 2009 and 2010 at the Agronomy Farm was approximately 530 
meters. 
Data analysis.  The experimental design for the artificial seed bank experiments was a 
complete randomized block design arranged in six blocks with a two by two factorial 
                                                 
2 Campbell Scientific Inc. 815 West 1800 North Logan, Utah 84321-1784. 
3 Campbell Scientific Inc. 815 West 1800 North Logan, Utah 84321-1784. 
4 229-L temperature sensor. Campbell Scientific Inc. 815 West 1800 North Logan, Utah 84321-1784.  
5 107-L temperature sensor. Campbell Scientific Inc. 815 West 1800 North Logan, Utah 84321-1784. 
6 TE525 tipping-bucket rain gage. Campbell Scientific Inc. 815 West 1800 North Logan, Utah 
 84321-1784. 
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arrangement of treatments (Table 1).  The experiment was repeated for two years and replicated 
at two locations each year for a total of four experiments.  The location where the seeds were 
collected (e.g. VIN and OSC) and the seed type (e.g. Tr and NTr) were used as treatment factors 
resulting in four experimental treatments.  Each year, treatments were assigned randomly to each 
cylinder using the PLAN procedure from SAS7. 
The days required to reach a specific emergence percentage (DP) was estimated using the 
methodology proposed by Leon and Owen (2004).  DP is described by the equation: 
 D  P  	
	
   D [1] 
where P is the emergence percentage, Db is the day before P occurs, and Eb is the 
emergence percentage obtained on Db, Da is the day when P occurred or was surpassed, and Ea is 
the emergence percentage on Da.  Calculations were made to estimate D10, D25, D50, D75 and 
D100.  This equation takes into account total emergence percentage when the experiment is 
completed and allows comparisons of Asiatic dayflower seedling emergence percentage among 
treatments by year and location. 
Data was analyzed in SAS using the general linear model (GLM) procedure with the 
multivariate analysis of variance (MANOVA) option.  Pillai’s trace test was used to determine 
differences between treatments (Pillai 1955).  This approach allows for a robust analysis with 
different DP values at the same time across treatments.  The magnitude of Asiatic dayflower 
seedling emergence was related to DP values using non-linear regression.  For all treatments 
according to location and year, data were fitted in SAS with the NLIN procedure to the following 
equation: 
                                                 
7 SAS Institute Inc., 2000, Cary, NC 25711-8000.  
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    /1   [2] 
where α is the intercept, β the slope and x the specific emergence percentage.  Also, total 
emergence mean comparisons were conducted across years and locations using Tukey’s HSD 
(Tukey 1953). 
Results and discussion 
An extended weed seedling emergence pattern fosters successful weed adaptation to 
agricultural fields (Mulugeta and Stoltenberg 1997a).  Weed seedling emergence pattern is 
affected by yearly environmental conditions encountered in agronomic fields (Clements et al. 
1996; Buhler and Hartzler 2001).  During 2009 and 2010, total precipitation at the Curtiss Farm 
was 351 and 526 mm, respectively, and total precipitation at the Agronomy Farm was 231 and 
497 mm, respectively (Figure 1).  Asiatic dayflower has an extended emergence pattern during 
the growing season, typically beginning mid-April until the first week of July.  Yearly 
precipitation events were different at both locations.  For instance, mean total precipitation 
events ranging April 15 to July 15 from 1998 to 2008 near Ames, IA was 342 mm (Data is 
available at http://mesonet.agron.iastate.edu).  During 2009 at the Curtiss Farm, total daily 
precipitation events barely exceeded that ten year average, but in 2010 total daily precipitation 
exceeded the ten year average by 184 mm.  At the Agronomy Farm in 2009 precipitation events 
fell below the ten year average and in 2010 that average was exceeded by 155 mm.  Seedling 
emergence increases when there are warm soil temperatures and enough moisture in the soil 
(Forcella 1998). 
Mean soil temperatures at 2.5 cm were similar between artificial seed banks and 
undisturbed soil (Figure 1).  However, maximum and minimum soil temperatures between 
artificial seed banks and undisturbed soil were different across locations and within years (Table 
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2).  For example, during 2009 at the Agronomy Farm, undisturbed soil monthly mean maximum 
temperatures (MMT) exceeded artificial seed bank MMT in June and July only, whereas at the 
Curtiss Farm undisturbed soil MMT exceeded artificial seed banks MMT from April through 
July.  Also, at the Agronomy Farm during 2010 undisturbed soil MMT exceeded artificial seed 
bank MMT from May through July, but at the Curtiss Farm such differences occurred in April 
and July only.  These differences in soil temperatures occurred presumably because the 
undisturbed soil was kept weed-free and did not have a physical barrier (e.g. PVC cylinder) that 
could potentially block solar radiation. 
Soil physical properties can change with the establishment of artificial seed banks; there 
is some discrepancy about the role of the cylinder and the resultant effects on temperature and 
other edaphic conditions in artificial seed banks.  Some authors noted that the differential 
between maximum and minimum soil temperatures inside the cylinders are higher than those 
differences encountered in natural seed banks (Leon and Owen 2004).  However, in a different 
study, soil temperatures inside the cylinder were cooler than in the undisturbed soil (Spokas et al. 
2006). 
The multivariate analysis of variance indicated that differences attributable to years and 
locations were statistically significant (P values= 0.003 and 0.0119, respectively).  Therefore, 
separate MANOVA were conducted for each year and location.  During 2009 at the Agronomy 
Farm, Asiatic dayflower seedlings started to emerge by the first week of May, and continued 
until mid-July (Figure 2).  At the Curtiss Farm during 2009, Asiatic dayflower seedling 
emergence started in mid-April and persisted until mid-June (Figure 3).  During 2010 at the 
Agronomy Farm, Asiatic dayflower seedlings started to emerge in the middle of April and 
ceased in early July (Figure 2).  Finally, during 2010 at the Curtiss Farm Asiatic dayflower 
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seedling emergence started in late April and similar to 2009 emergence ceased in late June 
(Figure 3). 
During 2009 at the Agronomy Farm, there were no significant differences among the 
treatments to reach a specific Asiatic dayflower seedling emergence percentage (e.g. Dp values) 
(Figure 4).  The estimated time required to reach 50% seedling emergence was 13 d for Tr and 
NTr seeds from OSC and 14 d and 11 d for Tr and NTr seeds from VIN, respectively.  Similarly, 
at the Curtiss Farm seed bank during 2009, no significant differences were detected for seed type 
and seed origin in term of emergence magnitude and timing (Figure 5).  The estimated number of 
days to reach 50% seedling emergence was 14 d and 11 d for Tr and NTr seeds from OSC, 
respectively, and 8 d and 10 d for Tr and NTr seeds from VIN, respectively (no statistical 
differences between treatments).  From these results, it can be speculated that seed dimorphism 
and seed origin were not important factors to determine timing and magnitude of Asiatic 
dayflower seedling emergence.  Moreover, the lack of differences between treatment at both 
experiment locations can be attributed to similar environmental factors such as rain patterns, soil 
moisture and soil temperature. 
In contrast with 2009 results, statistical differences were detected for the estimated 
number of days treatments required to reach 25, 50, 75 and 100% Asiatic dayflower seedling 
emergence at the Agronomy Farm experiment in 2010 (Figure 4).  The estimated number of days 
to reach 50% seedling emergence were 7 d and 5 d for Tr and NTr OSC seeds, respectively, and 
10 d and 8 d for Tr and NTr seeds from VIN, respectively.  During 2010 at the Curtiss Farm, 
statistical differences were detected for the number of days treatments required to reach 10, 25 
and 100% emergence (Figure 5).  However, there were no statistical differences detected among 
the required number of days to reach 50 and 75% emergence.  At the Curtiss Farm in 2010, the 
estimated number of days to reach 50% emergence was 6 d and 7 d for Tr and NTr OSC seeds, 
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respectively, and 7 d for Tr and NTr VIN seeds.  Interestingly, it took fewer days to reach 50 % 
seedling emergence in 2010 than in 2009.  Additionally, during 2010 statistical differences were 
detected between seed types and occasionally between seed origin.  Again, environmental factors 
each year can account for such differences.  During 2009, soil temperatures during February and 
March were colder than soil temperatures during 2010 (data not shown).  This may explain why 
in a warmer year such as 2010, Asiatic dayflower seedling emergence started earlier at both 
experiment locations.  
During 2009 at the Agronomy Farm, Asiatic dayflower seedling emergence percentages 
from Tr and NTr VIN seeds and OSC Tr seeds were not statistically different from each other.  
However, Asiatic dayflower seedling emergence percentages from Tr and NTr VIN seeds were 
statistically different from OSC NTr seeds.  Additionally, Asiatic dayflower seedling emergence 
percentages from Tr and NTr OSC seeds were not statistically different (Table 3).  During that 
year, Asiatic dayflower seedling emergence percentage was higher for OSC seedlings (65 to 
80%) than VIN seedlings (44 to 49%).  Additionally, at the Curtiss Farm there were no statistical 
differences between treatments (Table 3); Asiatic dayflower minimum and maximum values for 
seedling emergence percentage were 56 and 74 % for VIN and OSC Tr seeds, respectively, and 
62 and 65% for VIN and OSC NTr seeds, respectively. 
During 2010 at the Agronomy Farm, Asiatic dayflower seedling emergence percentages 
were not significantly different for OSC Tr and VIN NTr seeds, but these were statistically 
different from the remaining two treatments (e.g. OSC NTr and VIN Tr seeds).  Additionally, 
statistical differences were detected among percentages of seedlings emerged from OSC NTr and 
VIN Tr seeds (Table 3).  Seedling emergence percentages from VIN Tr and OSC NTr seeds were 
highest (e.g. 52%) and lowest (e.g. 27%) values among treatments, respectively (Table 3).  At 
the Curtiss Farm in 2010, Asiatic dayflower seedling emergence ranged from 33 to 65%.  
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Truncated VIN seeds had a greater emergence percentage and were significantly different from 
the other treatments (Table 3).  However, Asiatic dayflower seedling emergence percentages 
from VIN NTr, and Tr and NTr OSC seeds were not significantly different from each other.  The 
lower seedling emergence percentage of Asiatic dayflower seeds during 2010, compared to 2009 
percentages, can be attributed, but not limited, to seed dormancy and seed decay from seed lots 
used in these studies.  Seed lots used in both 2009 and 2010 studies were collected two or three 
years (e.g. OSC and VIN, respectively) before the establishment of the studies.  It has been noted 
that seeds decay as a function of seed age (Chauhan et al. 2006) or seed predation (Cromar et al. 
1999).  Therefore, it is possible that Asiatic dayflower seeds near the soil surface were targeted 
by predators, hence the reduction of seeds capable of germination in the artificial seed bank.  
Additionally, seed quality could have declined over time while in storage. 
Asiatic dayflower seedling emergence percentages, regardless of seed type, were similar 
during 2009 at the Curtiss Farm (Table 3).  On the contrary, at the Agronomy Farm, statistical 
differences were detected for Asiatic dayflower seedling emergence percentages.  It is important 
to note that seedlings emergence percentages from OSC seeds were higher than those from VIN 
seeds (Table 3).  Conversely, during 2010 at both locations, Asiatic dayflower seedling 
emergence percentages from Tr seeds were relatively higher than the emergence percentages 
from NTr seeds (Table 3).  Seed polymorphism can be a result of environmental changes 
experienced by the mother plants, and may represent a reproductive advantage by allowing 
different germination and emergence timings in the field (Yao et al. 2010).  Benghal dayflower 
(Commelina benghalensis L.) has two types of dimorphic seeds, and can be produced in aerial 
and underground flowers, allowing it to germinate at different environmental conditions (Walker 
and Evenson 1985b).  However, from our findings, having dimorphic seeds did not represent a 
clear advantage for Asiatic dayflower seedling emergence in artificial seed banks.  Nevertheless, 
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the advantage of seed dimorphism may be pronounced if Asiatic dayflower seed germination and 
seedling emergence from dimorphic seeds are tested under controlled conditions, allowing the 
contrast of different soil temperatures, humidity, salinity and pH levels (Walker and Evenson 
1985b; Yao et al. 2010). 
In the artificial seed bank experiments, Asiatic dayflower dimorphic seeds were exposed 
to fluctuating soil temperatures.  Mean soil temperatures below 20 C were observed from mid-
April through mid-May, in all experiments (Figure 1).  During this period of time, with the 
exception of VIN Tr seeds in 2010, all of the other treatments reached emergence percentages 
greater than 75% at the Agronomy Farm in 2009 and 2010.  At the Curtiss Farm, all treatments 
reached emergence percentages greater than 75% before mid-May.  Mohd Ali (1979) reported 
that Asiatic dayflower reached 11% emergence when, averaged, mean fluctuating temperatures 
were 30 C.  However, he also reported that 0 (no emergence) and 1% of seedlings emerged at 
constant temperatures at 20 and 25 C, respectively.  From our findings it can be suggested that 
fluctuating soil temperatures below 20 C contributed to Asiatic dayflower seedling emergence.  
Moreover, mean fluctuating soil temperatures during June and July exceeded that threshold at 
both locations each year, and these where the months were Asiatic dayflower seedling 
emergence percentages were low (Table 3, Figures 2 and 3). 
During 2009 at the Curtiss and the Agronomy Farms, Asiatic dayflower seedling 
emergence percentages from OSC seeds were higher than those percentages of seedlings 
emerged from VIN seeds.  However, during 2010 the percentages of emerged seedlings from 
VIN seeds were higher than those percentages from OSC seeds at both locations (Table 3).  
Differences for Asiatic dayflower emergence patterns could be attributed to the seed lots used to 
establish the artificial seed banks.  Environmental effects that parent plants experience during 
their growing season has an effect on dormancy levels (Kegode and Pearce 1998).  Differences 
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in dormancy levels and seedling emergence can be attributable to a location effect, since Asiatic 
dayflower seeds where collected from different fields.  Therefore, different seed origins could 
have impacted Asiatic dayflower dimorphic seed characteristics such as viability, dormancy and 
germination. 
Overall, Asiatic dayflower seedling emergence percentage in 2009 compared with 2010 
was greater, suggesting yearly differences can be attributable, but not limited, to environmental 
conditions.  During 2008 and 2009, each artificial seed bank was established late in the fall and 
subsequently left undisturbed.  The overwinter period (e.g. November through March) in which 
seeds were exposed may have been beneficial to break Asiatic dayflower seed dormancy and 
thus having an effect on total seedling emergence percentage.  However, differences in 
emergence percentage each year can also be attributed to the intrinsic characteristics of the seeds 
used in the experiments. 
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Tables and figures 
Table 1.  Asiatic dayflower sowing rates used in the 
establishment of artificial seed banks according to seed 
type and origin during 2008 and 2009 at the Curtiss Farm 
and the Agronomy Farm, Ames, IA. 
Treatment 
Seeds × 103 m-3 
2009 2010 
OSC-Tra 8.5 17.0 
OSC-NTr 3.8 8.5 
VIN-Tr 8.5 17.0 
VIN-NTr 2.6 8.5 
a
 Abbreviations: OSC-Tr, truncated Osceola seeds; OSC-
NTr, non-truncated Osceola seeds; VIN-Tr, truncated 
Vinton seeds; VIN-NTr, non-truncated Vinton seeds. 
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Table 2.  Monthly maximum and minimum soil differential temperatures for 
undisturbed soils and soil in the artificial seed banks at the Agronomy Farm, Boone 
County, IA and the Curtiss Farm, Ames, IA  in 2009 and 2010. 
Agronomy Farm Curtiss Farm 
Month 2009 2010   2009 2010 
°C  
        
April -0.19 (-0.29a) -0.98 (-0.28) 
 
1.28 (0.78) 0.59 (1.74) 
May -1.12 (-0.02) 0.30 (-0.15) 
 
2.03 (0.46) -2.48 (1.77) 
June 1.03 (0.02) 0.94 (-0.30) 
 
1.41 (0.35) -2.01 (-2.40) 
July 1.98 (0.05) 3.38 (0.03)   1.54 (0.39) 0.04 (-3.63) 
a Maximum temperatures followed by minimum temperatures in parenthesis.  
Differential temperatures were estimated by subtracting the undisturbed soil 
temperature from the artificial seed bank temperature.  Negative values indicate that 
soil temperature in artificial seed banks was greater than the soil temperature in the 
undisturbed soil.  
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Table 3.  Total Asiatic dayflower seedling emergence categorized by seed 
type and origin at the Agronomy Farm, Boone County, IA and the Curtiss 
Farm, Ames, IA during 2009 and 2010. 
Emergence 
Agronomy  Curtiss 
Origin Seed type 2009 2010 2009 2010 
    %a     
OSCb Tr 65 abc 35 b 
 
74 37 b 
 
NTr 80 a 27 c 
 
65 33 b 
VIN Tr 44 b 52 a 
 
56 65 a 
  NTr 49 b 39 b   62 41 b 
a Values represent the percentage from the total seeds originally in the 
artificial seed bank. 
b Abbreviations: OSC, Osceola; VIN, Vinton; Tr, truncated; NTr, non-
truncated. 
c Column values with the same letter are statistically similar (α=0.05).  
Column values not followed by a letter indicate that there were no statistical 
differences among treatments (α=0.05). 
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Figure 1.  Daily precipitation and mean soil temperatures (2.5 cm)for the artificial seedbank 
soil and adjacent undisturbed soil at the Curtiss and Agronomy Farms, Ames and Boone 
County, IA, 2009 and 2010. 
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Figure 2.  Asiatic dayflower seedling cumulative emergence percent from artificial seed 
banks at the Agronomy Farm, Boone County, IA, during 2009 and 2010.  Non-truncated and 
truncated Asiatic dayflower seeds were collected from Osceola and Vinton, IA.  
Abbreviations: OSC-NTr, non-truncated Osceola seeds; OSC-Tr, truncated Osceola seeds; 
VIN-NTr, non-truncated Vinton seeds; VIN-Tr, truncated Vinton seeds. 
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Figure 3.  Asiatic dayflower seedling cumulative emergence percent from artificial seed banks 
at the Curtiss Farm, Ames, IA, during 2009 and 2010.  Non-truncated and truncated Asiatic 
dayflower seeds were collected from Osceola and Vinton, IA. ).  Abbreviations: OSC-NTr, non-
truncated Osceola seeds; OSC-Tr, truncated Osceola seeds; VIN-NTr, non-truncated Vinton 
seeds; VIN-Tr, truncated Vinton seeds. 
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Figure 4.  Estimated number of days that Asiatic dayflower required to reach a specific emergence 
percentage in artificial seed banks at the Agronomy Farm, Boone County, IA during 2009 and 2010.  
The days required to reach a specific emergence percentage was described by the equation:  
    , where P is the desired emergence percentage, Db is the day before P occurs, and 
Eb is the emergence percentage obtained on Db, Da is the day when P occurred or was surpassed, and 
Ea is the emergence percentage on Da.  Asiatic dayflower seeds were collected from fields near 
Osceola and Vinton, IA.  Values represent means, and bars with the same letter are not significantly 
different according to Tukey’s HSD (α =0.05).  Abbreviations: NS, not significant; OSC-Tr, truncated 
Osceola seeds; OSC-NTr, non-truncated Osceola seeds; VIN-Tr, truncated Vinton seeds; VIN-NTr, 
non-truncated Vinton seeds. 
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Figure 5.  Estimated number of days that Asiatic dayflower required to reach a specific emergence 
percentage in artificial seed banks at the Curtiss Farm, Ames, IA during 2009 and 2010.  The days 
required to reach a specific emergence percentage was described by the equation:       
, where P is the desired emergence percentage, Db is the day before P occurs, and Eb is the 
emergence percentage obtained on Db, Da is the day when P occurred or was surpassed, and Ea is the 
emergence percentage on Da.  Non-truncated and truncated Asiatic dayflower seeds were collected from 
Osceola and Vinton, IA.  Values represent means, and bars with the same letter are not significantly 
different according to Tukey’s HSD (α =0.05).  Abbreviations: NS, not significant; OSC-Tr, truncated 
Osceola seeds; OSC-NTr, non-truncated Osceola seeds; VIN-Tr, truncated Vinton seeds; VIN-NTr, non-
truncated Vinton seeds. 
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CHAPTER 4.  GLYPHOSATE UPTAKE AND TRANSLOCATION IN 
ASIATIC DAYFLOWER (COMMELINA COMMUNIS L.) 
José M. Gómez and Micheal D.K. Owen 
Abstract 
Asiatic dayflower is an annual temperate plant originally from northeastern Asia.  This 
plant has been reported to be a problem weed in several countries and in several crops.  Asiatic 
dayflower has a vigorous growth habit and produces dimorphic seeds that may contribute to a 
long period of emergence.  Additionally, Asiatic dayflower has been extremely difficult to 
manage in fields where glyphosate is the primary if not sole weed control tactic in glyphosate-
tolerant crops.  Previous research has focused on glyphosate efficacy on Asiatic dayflower, but 
none has addressed uptake and translocation as mechanism that may contribute to the tolerance 
observed in fields.  Two experiments to investigate glyphosate uptake and translocation in 
Asiatic dayflower as well as the glyphosate rate response were conducted in the greenhouse.  The 
first study characterized 14C-glyphosate uptake and translocation while the second study 
addressed the response of Asiatic dayflower to glyphosate dose.  It was found that 14C-
glyphosate uptake increased with time; glyphosate was primarily found in the treated leaf and 
translocated into the roots.  At 2 and 48 hours after treatment, absorbed 14C-glyphosate in the 
treated leaf was 10 and 25% of the total 14C-glyphosate applied, respectively.  Absorption of 14C-
glyphosate in the roots at 2 and 48 hours after treatment was 2 and 9 % of the total 14C-
glyphosate applied, respectively.  Only small amounts of 14C-glyphosate were found in other 
plant parts (i.e. tissue above and below the treated leaf).  Asiatic dayflower response to 
glyphosate doses was measured as plant growth relative to the untreated control.  Asiatic 
dayflower growth varied across the repeated experiments.  Asiatic dayflower growth exceeded 
that of the untreated control plants by 31 and 74 % in the first and second experiments, 
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respectively, when glyphosate was applied at 0.63 kg a.e. ha-1.  Conversely, growth relative to 
the untreated control plants in the third experiment was lower for plants treated with 0.63 kg a.e. 
ha-1 of glyphosate when compared to the untreated control plants.  The Brain-Cousens model 
best described the data for experiments 1 and 2 because it accounts for the hormetic effect caused 
by sub-lethal doses; the log-logistic model best described the data for the third trial where no 
hormesis was detected.  The base dose (i.e. 1.26 kg a.e. ha-1) and higher doses decreased Asiatic 
dayflower growth relative to the untreated control. 
Introduction 
It has been more than 15 years since glyphosate-tolerant (GT) soybeans [Glycine max 
(L.) Merr] became commercially available in the United States, followed in subsequent years by 
GT upland cotton (Gossypium hirsutum L.) and GT corn (Zea mays L.) (Brookes and Barfoot 
2006).  GT crops planted in 2009 accounted for 71%, 68% and 91%, respectively of the total 
cotton, corn and soybean hectares planted in the United States (NASS / USDA 2009). 
Glyphosate [N-(phosphonomethyl) glycine] is a non-selective and widely-used herbicide 
that inhibits 5-enolpyruvylshikimate-3-phosphate (EPSP) synthase (EPSPS, EC 2.5.1.19), an 
important enzyme in the shikimic acid pathway (Herrmann 1995; Dewick 1998; Priestman et al. 
2005).  Glyphosate prevents phosphoenolpyruvate (PEP) binding to the enzyme complex formed 
by EPSPS and shikimate-3-phosphate (S3P) resulting in the inhibition of EPSP synthesis and 
subsequently the accumulation of shikimic acid, a precursor of S3P (Herrmann 1995; Franz et al. 
1997; Pline et al. 2002).  The inhibition of the shikimic acid pathway by glyphosate occurs on 
glyphosate-susceptible plants resulting in the accumulation of shikimic acid, a precursor of S3P 
(Herrmann 1995; Pline et al. 2002).  Subsequently, chorismate, a precursor of the essential 
aromatic amino acids phenylalanine, tyrosine and tryptophan, biosynthesis is halted and 
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shikimate accumulates (Herrmann 1995; Dill 2005).  Finally as a result of shikimate 
accumulation, multiple plant processes are disrupted resulting ultimately in plant death. 
EPSPS is found only in plants and micro-organisms and not in animals (Franz et al. 
1997).  Consequently, glyphosate can have a toxic effect on organisms such as weeds and crops.  
Given the lack of selectivity for weeds and crops, glyphosate was used historically prior to crop 
planting to control early emerging weeds (Vangessel et al. 2001).  However, glyphosate-
insensitive forms of EPSPS have been discovered and inserted in GT crops, thus allowing the 
farmer to apply glyphosate topically at rates that normally would injure any glyphosate-sensitive 
crop (Dill 2005).  The adoption of GT crops combined with glyphosate for weed management 
has allowed the farmer to control a broad spectrum of weeds while decreasing operational costs 
and dependence on other herbicides (Gianessi 2005). 
Nevertheless, there has been an increasing concern regarding glyphosate usage in GT 
crops (Culpepper 2006).  Glyphosate imposes a strong selection pressure inducing changes in the 
plant species composition found in GT crop-based agro-ecosystems thus causing a shift from 
susceptible to non-susceptible weed species (Owen and Zelaya 2005).  Glyphosate-insensitive 
weed population densities have increased in GT crop fields due to the reduced usage of pre-
emergence (PRE) herbicides, the increased usage of glyphosate, and the adoption of no-till 
systems (Webster et al. 1998; Pereira and Carmona 2000; Webster et al. 2005). 
Non-susceptible weed species either evolved glyphosate resistance or had natural 
tolerance to glyphosate.  Rigid ryegrass (Lolium rigidum Gaudin), goosegrass (Eleusine indica 
(L.) Gaertn) and Italian ryegrass (Lolium multiflorum Lam.) are examples of weeds that evolved 
resistance to glyphosate (Lee and Ngim 2000; Perez and Kogan 2003; Powles et al. 1998).  
However, these weeds did not evolve resistance in GT crops; horseweed (Conyza canadensis 
(L.) Cronquist), Palmer amaranth (Amaranthus palmeri S. Wats.) and Johnsongrass (Sorghum 
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halepense [L.] Pers.) are examples of weeds that evolved resistance to glyphosate in GT crop 
systems (VanGessel 2001; Culpepper et al. 2006; Vila-Aiub et al. 2007). 
Field bindweed (Convolvulus arvensis L.), hemp sesbania (Sesbania herbacea (Mill.) 
McVaugh), and pitted morningglory (Ipomoea lacunosa L.) are weeds with natural tolerance to 
glyphosate (DeGennaro and Weller 1984; Jordan et al. 1997; Norsworthy et al. 2001).  Natural 
tolerance to glyphosate can be attributed, but not limited, to high levels of EPSPS (Yuan et al. 
2002); differential response (Monquero et al. 2004; Hite et al. 2008); plant age, leaf angle, and 
the composition of the epicuticular wax (Norsworthy et al. 2001). 
The genus Commelina includes annual and perennial species that can be found in most of 
the tropical, subtropical, and temperate regions of the world (Brashier 1966).  The genus 
Commelina has a number of species that have become problem weeds in the United States and in 
other countries (Culpepper et al. 2004; Fawcett 2002; Isaac et al. 2007; Tuffi et al. 2004; 
Webster et al. 2007). Spreading dayflower (C. diffusa Burm. f.) (Santos et al. 2004; Isaac et al. 
2007), Benghal dayflower (C. benghalensis L.) (Culpepper et al. 2004; Webster et al. 2005; 
Webster et al. 2007), and Asiatic dayflower (C. communis L.) (Fawcett 2002; Ulloa and Owen 
2009) are members of the Commelinaceae that are difficult to control with glyphosate.  
Additionally, more than one tolerance mechanisms have been reported in a Commelina species.  
Glyphosate metabolism and differential uptake have been reported to be Benghal dayflower 
tolerance mechanisms to this herbicide (Monquero et al. 2004). 
Asiatic dayflower is an annual temperate plant that originated in northeastern Asia and 
now is now widely distributed in the world (Brashier 1966; Faden 2000).  Asiatic dayflower has 
a vigorous growth habit, producing 5 to 80 bisexual flowers per plant and capable of producing 
dimorphic seeds (i.e. 2 non-truncated, or 1 non-truncated and 2 truncated, or 4 truncated seeds), 
but the ecological importance of the dimorphic seeds has not been studied (Hollinshead 1938; 
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Baranov 1964; Sabila et al. 2012).  It has been reported to be a hard-to-control weed in China, 
Japan and the United States, and this has been well documented in field and laboratory 
conditions (Oiyama and Shibayama 2000; Kobayashi et al. 2003; Zhang 2003; Wiatrak et al. 
2004).  Additionally, Asiatic dayflower has been reported to be tolerant to glyphosate (Fawcett 
2002; Ulloa and Owen 2009)  However, past research conducted on Asiatic dayflower has not 
focused on whether uptake and translocation of glyphosate contributes to the inherent glyphosate 
tolerance exhibited by plants.  Due to the lack of information regarding Asiatic dayflower 
response to glyphosate, it is the objective of this research to investigate glyphosate uptake, 
translocation and dose response to determine if these factors influence the exhibited tolerance in 
Asiatic dayflower to glyphosate. 
Material and methods 
Plant materials and seedling establishment.  Asiatic dayflower seeds were hand-
harvested from two different locations in Iowa; seeds from Vinton (42° N, 92°W) were collected 
from a field rotated with corn and soybeans during fall 2007, 2008 and 2009, and seeds from  
Osceola (40°N, 93°W) were collected from two fields rotated with corn and soybeans during fall 
2008 and 2009.  Collected seeds were dried for 72 H at 30 C and cleaned with a vertical air 
column seed cleaner1.  After cleaning, seeds were sorted into non-truncated (NTr) and truncated 
(Tr) seed types.  Asiatic dayflower produces dimorphic seeds (Hollinshead 1938; Baranov 1964).  
Sorted and cleaned seeds from all years and locations were stored separately at 5 C until they 
were used.  Asiatic dayflower seeds from all years and locations were combined prior the 
establishment of each experiment since no differences in response to glyphosate attributable to 
seed type, year class or location were detected in previous screenings (data not reported). 
                                                 
1 Seedburo Equipment Company, Chicago, IL. 
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For the uptake and translocation and dose-response studies, three Asiatic dayflower seeds 
per pot were sown at a depth of 2.5 cm.  Each plastic pot (725 cm3) was filled with a soil mixture 
of peat:perlite:loam (1:2:1, v/v/v).  One week after seedling emergence, pots were thinned to one 
plant per pot.  Plants were watered daily and fertilized weekly with a 3:1:3 NPK fertilizer2.  
Greenhouse conditions were maintained at 30 and 25 C during day and night, respectively and 
relative humidity varied from 60 to 85%.  Natural sunlight was supplemented with mercury 
halide lights resulting in a 400 µmol m-2 s-1 photosynthetic photon flux density [PPFD] and a 16 
h photoperiod was used. 
Uptake and translocation studies.  When Asiatic dayflower plants had four fully-
expanded leaves, treatments were applied using a CO2-pressurized spray chamber3 calibrated to 
deliver 150 L ha-1 at 35 PSI with a single Teejet 80015-EVS flat fan nozzle4.  Treatments used a 
commercial formulation of glyphosate5 at 1.26 kg a.e. ha-1 with deionized-distilled water (ddH2O) 
and ammonium sulfate (10 g L-1) and ddH2O, AMS and untreated plants as treatment controls.  
Following treatment application, plants were returned to the greenhouse and each plant 
was treated with 14C-glyphosate6 (glyphosate-[glycine-2-14C] aqueous solution, >95% 
radiochemical purity, specific radioactivity of 9.25 MBq) using a 10 µl precision micro-pipette7.  
Four 1µl droplets of 14C-glyphosate were spotted on the adaxial surface of the fourth fully-
expanded leaf.  Each droplet was spread evenly in a circular pattern taking care that no 14C-
glyphosate was in contact with the mid-vein.  Applied 14C to the treated leaf was estimated by 
adding 4 µl of 14C-glyphosate mixture to a scintillation vial containing 10 ml scintillation 
                                                 
2
 Peters Excel 15-5-15 CalMag Water Soluble fertilizer, The Scotts Company, 14111 Scottslawn Road, 
Marysville, OH 43041. 
3
 Spray chamber Model SB5-66, DeVries Manufacturing, Route 1 Box 184, Hollandale, MN 56045. 
4
 Teejet 80015-EVS, Spraying Systems Co., Wheaton, IL. 
5
 Roundup Original Max, Monsanto Co., 800 N. Lindbergh Blvd, St. Louis, MO 63167. 
6
 Sigma-Aldrich Corp., 3050 Spruce St., St. Louis, MO 6310. 
7
 10 µl Micro-pipette, Rainin Instrument Co., Inc. Mack Road, Box 4062, MA 01888-4026. 
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cocktail8 and radioactivity measured as disintegrations per minute (dpm) using a liquid 
scintillation counter (LSC)9. 
Plants treated with 14C-glyphosate were harvested at 0, 2, 4, 8, 24 and 48 hours after 
treatment (HAT).  At harvest, plants were divided into the treated leaf (TL), plant tissue above 
the treated leaf (ATL), plant tissue below the treated leaf (BTL), and roots (R).  Roots were 
extracted from the pots and carefully washed to remove all attached soil medium.  The treated 
leaf was excised at the petiole base and dipped three times for 30 seconds each time in a beaker 
containing 10 ml of ddH2O to recover unabsorbed 14C-glyphosate.  Recovered 14C-glyphosate was 
measured using a 1 ml aliquot from the rinseate added to a scintillation vial containing 10 ml 
scintillation cocktail, and radioactivity of the rinseate was determined using an LSC.  14C-
glyphosate recovery efficiency was determined in the lab using a glass slide test.  A 4 µl drop of 
14C-glyphosate mixture was applied to each glass slide.  When dry, each glass slide was dipped 
three times for 30 seconds in a beaker with 10 ml of ddH2O; subsequently, a 1 ml aliquot from the 
beaker was added to a scintillation vial containing 10 ml scintillation cocktail, and radioactivity 
of the glass slide was determined using an LSC. 
All plant parts were placed in individual paper bags and oven-dried at 60 C for 48 hours.  
Dried plant parts were ground using a mortar and a pestle and combusted in a biological sample 
oxidizer10 using a carbon absorbent-scintillation cocktail11 to trap 14CO2 released during the 
combustion process.  Relative translocation of 14C-glyphosate in the plant parts was calculated 
by dividing the amount of 14C-glyphosate in a specific plant part by the total 14C-glyphosate 
detected in the plant. 
                                                 
8
 Ultima Gold® liquid scintillation cocktail for aqueous and non-aqueous samples, PerkinElmer Life and 
Analytical Sciences, 710 Bridgeport Avenue, Shelton, CT 06484. 
9
 Model 3801, Beckman Coulter Inc., 4300 N. Harbor Boulevard, P.O. Box 3100, Fullerton, CA 92834-
3100. 
10
 Model OX500, R.J. Harvey Instrument Corp., 123 Patterson Street, Hilldales, NJ 07642. 
11
 Carbon-14 Cocktail, R.J. Harvey Instrument Corp., 123 Patterson Street, Hilldales, NJ 07642. 
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Asiatic dayflower glyphosate uptake and translocation studies were repeated in time and 
treatments (i.e. harvest times) were arranged in a randomized complete block design with three 
and four replications for the first and second study, respectively.  Since there was no treatment 
by study interaction, data was combined for analysis.  Analysis of variance was conducted using 
the GLM procedure in SAS12, and treatment means were separated using Fisher’s Protected LSD 
test (α=0.05). 
Dose-response studies.  Asiatic dayflower plants were established as previously indicated and 
treated as describe above with a commercial formulation of glyphosate when they had four fully-
expanded leaves.  Plants were sprayed with glyphosate at 0.63, 1.26, 2.52, 5.04, 10.1 20.2 kg ae 
ha-1 (Table 1).  Additionally, untreated plants and plants sprayed with ddH2O or ddH2O and AMS 
were used as controls.  Plants were harvested by clipping the stem at soil level 21 DAT, and 
subsequently oven dried for 72 hours at 65 C and weighed. 
Dose-response experiments were arranged in a randomized completed block design, 
repeated three times.  The first experiment had three replications, whereas the last two 
experiments had 6 replications.  Normality assumption was tested for all three experiments using 
SAS UNIVARIATE procedure.  The first and third experiments meet the normality assumption.  
However for experiment two, data were transformed using the Box-Cox family of 
transformations to meet the assumption of normality thus enabling the correct statistical 
comparisons (Box and Cox 1964).  Statistical differences were detected between experiments; 
hence Asiatic dayflower response to glyphosate doses was standardized and presented as 
percentage of growth relative to the untreated control.  Analysis of variance was conducted using 
the GLM procedure in SAS and means were separated using Fisher’s Protected LSD test 
(α=0.05).  Since there were statistical differences between experiments, data is presented for 
                                                 
12 SAS Institute Inc., 2000, Cary, NC 25711-8000. 
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each experiment.  Data were fitted in SAS using the NLIN procedure for non-linear dose-
response curves.  For the first and second experiments data were fitted using the Brain-Cousens 
model (Schabenberger et al. 1999): 
    !   " !  #/1  $%&'()*  [1] 
where x is the rate of application, δ and α are lower and upper asymptotes relative to growth, 
respectively, β is related to the rate of change and the inflection point, γ measures the hormetic 
effect, allowing the growth of the dose-response curve beyond α, and $   1   2#/ " !.  
For the third experiment, data was fitted using the log-logistic model (Seefeldt et al. 1995) : 
    !   " !/1  %&'()*  [2] 
where x is the rate of application, δ and α are lower and upper asymptotes relative to growth, 
respectively, β is related to the rate of change and the inflection point. 
Results and discussion 
Uptake and translocation studies.  Recovery of 14C-glyphosate from the glass slide 
control (n=6, CV=10%) was 98% and recovery from treated leaves at 0 hours was 92%.  Thus, 
the recovery of 14C-glyphosate from the leaf surface was determined to be at an acceptable level 
and would allow the assessment of 14C-glyphosate uptake and translocation.  14C-glyphosate 
recovery from leaf wash decreased with time indicating that there was glyphosate uptake by 
Asiatic dayflower (Table 2).  Glyphosate uptake increased with time, with a maximum of 39% of 
14 glyphosate applied after 48 hours (Figure 1).  The majority of 14C-glyphosate taken up by 
plants remained in the treated leaf, but translocation to the roots increased with time from 1.6 to 
10% of total applied 14C-glyphosate (i.e. from 2 to 48 HAT) (Table 2).  Also, limited 
translocation of 14C-glyphosate to ATL and BTL tissues was observed (Table 2).  Uptake and 
translocation studies involving glyphosate-tolerant Benghal dayflower, glyphosate-resistant 
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horseweed and glyphosate-susceptible sicklepod (Senna obtusifolia  (L.) H.S. Irwin & Barneby) 
have reported higher 14C-glyphosate concentration in treated tissues (i.e. leaf or leaflet) 
compared to non-treated plant tissues (i.e. flower, shoots, roots) (Feng et al. 2004; Monquero et 
al. 2004; Walker and Oliver 2008) (Table 3).  However in these studies, it was also noted that 
14C-glyphosate accumulated in roots increased with time.  Asiatic dayflower showed a similar 
pattern to the three weeds mentioned above in which roots were the greatest sink for the 14C-
glyphosate.  Additionally, our results agreed with those obtained by Park et al. (2004), who noted 
that 14C-glyphosate translocation in Asiatic dayflower increased with time. 
Dose-response studies.  Overall, while glyphosate had an effect on Asiatic dayflower 
growth, growth responses varied between experiments (Figure 2).  Low doses of glyphosate (e.g. 
1.26, 2.52, and 5.04 kg ae ha-1) affected Asiatic dayflower plant growth relative to the untreated 
control in the first experiment, and growth was similar between these low doses (no significant 
differences at α=0.05) (Table 4).  Similarly in the same experiment, plant growth relative to the 
untreated control was affected by higher glyphosate doses (e.g. 10.1and 20.2 kg ae ha-1), and 
exhibited similar plant growth (no significant differences at α=0.05) (Table 4).  For the second 
experiment, glyphosate-treated Asiatic dayflower plant growth, relative to the untreated control, 
was not significantly different between the untreated control and 1.26, 2.52, 5.04, 10.1and 20.2 
kg ae ha-1 doses, ranging from 84 to 108%, which indicated that plant growth was similar for all 
treatments (Table 4).  Glyphosate-treated Asiatic dayflower plant growth relative to the untreated 
control in the third experiment ranged from 43 to 100% (Table 4).  Also for the third experiment, 
Asiatic dayflower plant growth response to glyphosate applied at 1.26 kg ae ha-1 was not 
significantly different when applied at 2.52 kg ae ha-1, but lower growth was observed for the 
remaining doses (significant at α=0.05).  Moreover, plant growth relative to the control in 
response to glyphosate treatments was similar at 2.52, 5.04, 10.1and 20.2 kg ae ha-1 doses 
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(treatments were not significant at α=0.05).  Asiatic dayflower control in the field with 
glyphosate has been demonstrated to be inconsistent (Fawcett 2002; Ulloa and Owen 2009; 
Satrapová et al. 2010).  Similar results were obtained in the present research which was 
conducted in the greenhouse. 
Glyphosate applied at 0.63 kg ae ha-1 resulted in Asiatic dayflower growth for the first 
two experiments, and only in the second experiment growth relative to the control was 
significantly different from all the other treatments.  However, relative plant growth for plants 
sprayed with 0.63 kg ae ha-1 glyphosate was not different from the untreated control for the first 
and third experiments (Table 4).  Also, at 0.63 kg ae ha-1 glyphosate dose, Asiatic dayflower 
plant growth relative to the untreated control was 31 and 74% higher than unsprayed plants for 
experiments 1 and 2, respectively (Table 4, Figure 2).  In contrast, in the third experiment, 
Asiatic dayflower plant growth relative to the control decreased by 3% when plants were treated 
with glyphosate at 0.63 kg ae ha-1. 
Glyphosate at 0.63 kg ae ha-1 dose had a hormetic effect on Asiatic dayflower.  Hormesis 
in plants is caused by stress factors (i.e. herbicides at sub-lethal doses) which causes an increase 
in size or biomass accumulation (Schabenberger et al. 1999).  However, hormesis was only 
observed in the first two experiments, whereas in the third experiment, this effect was not 
observed (Figure 2).  Ulloa and Owen (2009) reported that glyphosate applied at 0.84 kg a.e. ha-1 
(1.26 kg ae ha-1) controlled Asiatic dayflower by only 10 and 4% at the two and thirty-two leaf 
stages, respectively. However, when glyphosate was applied at the four-leaf stage at 0.84 kg a.e. 
ha-1, and at lower doses (e.g. 0.21 and 0.42 kg a.e. ha-1) at the same stages, no control was 
achieved by glyphosate.  Instead, these three doses stimulated plant growth.  This response could 
be attributable to a hormetic effect caused by glyphosate, and just stating that no control was 
achieved by this herbicide may mislead the interpretation of results.  Ignoring hormesis can 
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confound results, since it could bias the conclusion by stating that there are significant 
differences between experiments or treatments when in fact they are not different 
(Schabenberger et al. 1999).  
The advantage of low herbicide doses in herbicide dose-response studies is to separate 
dosages that stimulate plant growth and dosages that inhibit plant growth.  Our results suggested 
that Asiatic dayflower growth at the four-leaf stage diminished when glyphosate was applied at 
doses higher than 1.26 kg a.e. ha-1.  This greenhouse response is supported in the field with 
anecdotal observations.  Glyphosate applied at 1.26 kg a.e. ha-1 may be used as a threshold to 
determine when this herbicide can be expected to cause injury to Asiatic dayflower at the four-
fully-expanded leaf stage, and may be of benefit for future research involving glyphosate and 
Asiatic dayflower reproductive characteristics (e.g. flowering and seed quality). 
Asiatic dayflower responses to glyphosate doses under greenhouse conditions were 
inconsistent between experiments.  When glyphosate was applied to plants with four fully-
expanded leaves, differences in branching occurred; at this stage Asiatic dayflower developed a 
secondary branch that varied in length at the node of the second fully-expanded leaf.  This 
observation of differences in branching was also noted by Hollinshead (1938) when describing 
Asiatic dayflower development.  Discrepancies between experiments can be attributed to 
biomass accumulation due to variable conditions in the greenhouse, and to the fact that Asiatic 
dayflower has variable growth rates even under ideal conditions (Hollinshead 1938; Baranov 
1964). 
Asiatic dayflower plants treated with glyphosate at 1.26, 2.52, 5.04 kg ae ha-1 
demonstrated reduced plant growth but little symptoms of phytotoxicity were observed 21 DAT.  
At higher glyphosate doses (e.g. 10.1and 20.2 kg ae ha-1) it was expected that Asiatic dayflower 
plant growth inhibition relative to the control would be higher, but the growth response was 
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nevertheless inconsistent across experiments.  The response to varying glyphosate doses 
confirms Asiatic dayflower tolerance to this herbicide (Table 4, Figure 2).  Also, from the uptake 
and translocation studies, most of 14C-glyphosate applied remained in the treated leaf despite the 
fact that 14C-glyphosate uptake increased with time but with only limited translocation to the 
roots.  Poor translocation of glyphosate can contribute to plant survival, since the threshold to 
achieve efficient EPSPS inhibition is not met (Feng et al. 2003).  Retention of glyphosate in the 
leaves, limited translocation to the roots and other plant tissues such as secondary branches 
provides Asiatic dayflower with the opportunity to resume growth thus exhibiting tolerance to 
glyphosate. 
The results from the present studies support findings from previous research that 
identified Asiatic dayflower tolerance to glyphosate (Ahrens and Mervosh 2002; Fawcett 2002; 
Ulloa and Owen 2009).  Species from the genera Commelina, Polygonum and Ipomoea are 
weeds with natural tolerance to glyphosate (Webster and Sosnoskie 2010), and are a problem 
where GT crops are planted and glyphosate used for weed control.  Current management 
practices relying only on glyphosate to control weeds increases the risk of Asiatic dayflower 
infestations increasing.  While Asiatic dayflower infestations are not widely spread across Iowa, 
it is the dominant weed where it is present thus demonstrating success in the agro-ecosystem. 
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Tables and figures 
Table 1.  Glyphosatea doses used 
in dose-response experiments 
conducted in the greenhouse to 
determine the growth response of 
Asiatic dayflower. 
kg ae ha-1 
0.00 b 
0.63 (1/2X) 
1.26 (1X) 
2.52 (2X) 
5.04 (4X) 
10.1 (8X) 
20.2 (16X) 
a Roundup Original Max, Monsanto 
Co., 800 N. Lindbergh Blvd, St. 
Louis, MO 63167.  
b Untreated control. 
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Table 2.  Effect of time on the distribution of 14C-glyphosate in Asiatic dayflower. 
Time after 
treatment 
(h) 
Total 
uptake 
Treated 
leaf 
rinseate 
Treated 
leaf 
Above 
treated leafa 
Below 
treated leaf Roots 
 
% of total 14C-glyphosate applied 
 
  
0 10.8b 89.2 8.6 1.0 0.9 0.5 
2 15.3 84.7 10.3 1.8 1.6 1.6 
4 19.4 80.6 13.9 1.0 1.4 3.1 
8 12.3 87.7 8.9 0.8 0.5 2.0 
24 24.5 75.5 18.5 1.4 1.6 3.0 
48 39.0 61.0 25.5 2.2 1.8 9.5 
LSD 
(0.05) 12.1 12.1 9.1 1.1 0.9 3.0 
a The fourth fully-expanded leaf received four 1 µL droplets containing 14C-glyphosate  
(1663 dpm) and plants were subsequently treated with glyphosate at 1.26 kg ae ha-1. 
b Values represent the average of two experiments (n=7). 
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Table 3.  Summary of selected 14C-glyphosate uptake and translocation studies of weeds susceptible, tolerant or resistant to 
glyphosate. 
Plant species Glyphosate sensitivity 
14C-glyphosate 
accumulation Reference 
Commelina benghalensis L. Tolerant TL, TA, S, R Monquero et al. 2004 
Conyza canadensis (L.) Cronquist Resistant TL, L, C, R Feng et al. 2004 
Senna obtusifolia  (L.) H.S. Irwin & Barneby Susceptible TL, TA, TB, FL, R Walker and Oliver 2008 
Abbreviations: TL, treated leaf; TA, tissue above treated leaf; TB, tissue below treated leaf; R, roots; L, leafs; C, crown; S, 
shoots. 
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Table 4.  Asiatic dayflower plant growth relative to the untreated control 21 DATa after glyphosateb 
application  
Dose 
(kg a.e. ha-1) 
Plant growth (% of control) 
Experiment 1 SEMc Experiment 2 SEM Experiment 3 SEM 
0d 100 abe 12 100 b 6 100 a  3 
0.63 131 a 9 174 a 20 99 a 6 
1.26 68 bc 10 96 b 15 77 b 8 
2.52 61 cd 8 108 b 32 62 bc 11 
5.04 69 bc 14 87 b 16 53 c 12 
10.1 40 cd 12 85 b 18 51 c 5 
20.2 30 d 4 84 b 15 43 c 5 
aAbbreviations: DAT, days after treatment; SEM, standard error of the mean. 
bStandard error of the mean was estimated for each experiment by dividing the standard deviation 
of  the sampling distribution by the square root of the sample size. 
cRoundup Original Max, Monsanto Co., 800 N. Lindbergh Blvd, St. Louis, MO 63167. 
dTreatments were applied to plants with four fully-expanded leaves. 
eValues within columns with the same letter are not statistically different (α=0.05). 
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Figure 1.  Effect of time on 14C-glyphosate uptake in Asiatic dayflower.  Each data 
point represents the mean of 7 repetitions.  Regression equation: y = 
[(17.07X)/(0.19+X)]+0.44*X 
  
  
  
Figure 2.  Asiatic dayflower growth under greenhouse conditions relative to the untreated 
control treatments and fitted values to six glyphosate doses 21 DAT.  Glyphosate base 
dose (e.g. 1X) was 1.26 kg ae ha
fully expanded leaves.  Open squares, triangles and circles represent the mean of 
experiments 1, 2 and 3, respectively
repetitions for experiment 1 and 6 repetitions for experiments 2 and 3
Cousens (e.g. experiments 1 and 2) and log
nonlinear regression of data.  The parameters for experiment 1 were: 
and γ= 3×1010.   The parameters for experiment 2 were: 
The parameters for experiment 3 were: 
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-1
, and treatments were applied when plants had four
.  Each data point represents the mean for 3 
.  The Brain
-logistic (experiment 3) models were used for 
α= 100, 
α = 89, δ= 89, β= 4 and 
α = 101, δ= 47 and β= 2. 
Experiment 1, LD
Experiment 2, LD
Experiment 3, LD
-
-
δ= 40, β= 2 
γ= 1017.  
50 =  1.6 
50 =  24.8 
50 = 1.6 
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CHAPTER 5.  GENERAL CONCLUSIONS AND 
RECOMMENDATIONS 
Conclusions 
• Asiatic dayflower is not a major weed across the Midwest USA; nonetheless, Asiatic 
dayflower is a serious problem in corn and soybean fields infested with this weed. 
• Asiatic dayflower produces dimorphic (e.g. truncated and non-truncated) seeds which 
can be produced in the same fruit.  The truncated to non-truncated seed ratio is 4:1.  The 
number of truncated seeds emerging in the field always exceeded the number of non-
truncated seeds across all locations for all years.  It is suggested that dimorphic seeds may 
contribute to the prolonged emergence timing for Asiatic dayflower observed in the field. 
• Asiatic dayflower seedling emergence occurred at different soil depths however the 
differences of emergence depth did not correlate with the dimorphic seed types.  In the tilled 
field, Asiatic dayflower seedling emergence depth ranged from 0 to 9 cm, whereas in no-
tilled fields, seedling emergence depth ranged from 0 to 6 cm but most of the seedlings 
emerged from the upper soil depths (e.g. 0 to 2 cm). 
• Asiatic dayflower seedling emergence in the field was observed from mid-May 
through mid-July.  Additionally, conditions in artificial seed banks resulted in Asiatic 
dayflower seedlings emerging from late-April through mid-July. 
• Asiatic dayflower seedling emergence in artificial seed banks was likely affected by 
environmental conditions each year.  There is a possibility that seedling emergence started 
earlier in 2010 compared to 2009 due to warmer soil temperatures during February and 
March 2010. 
• Compared to 2009, there was a decline in seedling emergence percentage from non-
truncated and truncated seeds from Osceola and non-truncated seeds from Vinton during 
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2010.  However, seedling emergence percentage of truncated seeds from Vinton increased in 
2010. 
• During 2010 Asiatic dayflower seedling emergence percentages were lower 
compared to 2009; such differences may be attributed to the seed lot age used in the 
experiments since the seed lots used in 2010 were one year older than the seed lots used in 
2009. 
• Studies conducted in the greenhouse to evaluate Asiatic dayflower response to 
glyphosate showed that glyphosate does not control Asiatic dayflower.  This observation 
supports field responses of Asiatic dayflower to glyphosate. 
• When Asiatic dayflower was treated in the greenhouse with 0.63 kg ae ha-1 
glyphosate growth was stimulated (hormesis).  However, when Asiatic dayflower was treated 
with glyphosate doses greater than 1.26 kg ae ha-1, plant growth was impeded. 
• Uptake of 14C-labeled glyphosate by Asiatic dayflower increased over time.  Uptake 
increased from 8 % at 2 hr after treatment to 39 % at 48 hr after treatment. 
• 
14C-glyphosate translocated mostly from the treated leaf to the roots and in minor 
quantities to other plant tissues above and below the treated leaf.  However, most of the 14C-
glyphosate remained in the treated leaf. 
• Results from the uptake and translocation studies combined with the results from the 
dose response studies, suggest that the tolerance to glyphosate in Asiatic dayflower is due to 
poor translocation and differential uptake. 
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Recommendations 
Asiatic dayflower is hard to control in glyphosate tolerant crop systems in Iowa.  In 
this research, Asiatic dayflower seedling emergence characteristics were addressed as a 
function of seed dimorphism.  However, the ecological advantages of the dimorphic seeds 
(e.g. non-truncated and truncated seeds) were not conclusive in this research since both seed 
types probably were dormant prior to the initiation of the experiments.  Therefore, it will be 
of interest to collect seeds from the mother plant before they are shed to the soil and prior to 
after-ripening to determine if non-truncated or truncated seeds germinate immediately after 
maturation (i.e. the absence of dormancy).  Additionally, it is known that Asiatic dayflower is 
a mucilaginous plant, but it is not known if mucilage limits glyphosate transport to other 
plant tissues.  Therefore, additional research is needed to elucidate the possibility of mucilage 
being an important tolerance mechanism against glyphosate and perhaps to other herbicides 
as well.
 
